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Lines  of  Magnetic  Force  (see  p.  173). 

Plate  I  shows  by  a  photograph  of  iron  filings  scattered  on  white 
paper  how  two  powerful  unlike  magnetic  poles,  such  as  the  ends  of  a 
large  horse-shoe  magnet,  placed  just  beneath  the  paper,  cause  the  filings 
to  form  curves  or  lines  of  magnetic  force,  between  the  two  poles. 
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PREFACE 

THIS  book  is  intended  to  stimulate  indepen- 
dent investigation  of  those  facts  of  elemen- 
tary physics  which  explain  everyday  happenings  in 
the  home,  and  are  capable  of  being  established  on 
an  experimental  basis.  Measuring  and  weighing 
include  plenty  of  household  applications,  while 
ventilation  and  warming  are  fully  dealt  with  in 
the  section  on  heat,  and  suggestions  are  made  for 
promoting  efficiency.  Lubricants  and  anti-lubri- 
cants with  the  care  and  treatment  of  machinery 
are  supplementary  to  the  understanding  of  the  six 
simple  machines.  The  treatment  of  light  includes 
all  the  common  optical  instruments,  and  under 
magnetism  and  electricity,  wiring,  dry  batteries, 
electric  meters,  lamps,  and  fuses  in  common  use 
are  fully  described. 

The  author  has  endeavoured  to  overcome  diffi- 
culties in  understanding  the  presentation  of  facts, 
and  the  consequent  lack  of  interest,  by  simplicity 
of  statement,  by  avoiding  mathematical  formulae,  by 
explaining  all  technical  terms  used,  and  by  illus- 
trating with  clear  sectional  diagrams  the  working 
of  apparatus  and  appliances  in  everyday  use. 
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CHAPTER  I 
MEASURING 

MEASUREMENT  plays  a  large  part  in  the 
business  of  life.  If  a  building  is  to  be  con- 
structed, all  the  lengths,  thicknesses,  and  heights  of 
the  various  walls  have  to  be  determined  before  the 
actual  building  is  commenced. 

The  areas  of  floors,  corridors,  walls,  and  roofs 
must  also  be  calculated.  The  cubic  material  neces- 
sary to  be  dug  out  for  the  foundation,  with  the  cubic 
air  space  of  each  room,  is  all  worked  out  before 
building. 

In  buying  canvas  or  calico,  the  price  is  so  much 
a  yard  or  metre  ;  the  length  of  a  railway  journey  or 
tram  ride  determines  the  fare  paid ;  while  floor 
coverings  are  sold  by  the  square  yard  or  square 
metre. 

Milk,  oil,  spirit,  turpentine,  are  all  sold  by  volume, 
and  certain  solids,  like  stone,  gravel,  or  timber,  by 
cubic  measure,  e.g.  by  the  cubic  yard  or  cubic  foot. 

Many  articles  are  commonly  sold  by  weight,  and 
in  cooking,  ingredients  are  given  partly  by  weight 
and  partly  by  volume. 

Besides  measuring  lengths,  areas,  volumes,  and 
weights  we  frequently  make  use  of  other  measure- 
ments, e.g.  an  interval  of  time  in  years,  the  size  of 
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an  angle  in  degrees,  the  pressure  of  the  air  in  inches 
of  mercury,  or  the  temperature  of  a  room  by  degrees 
on  the  thermometer. 

In  scientific  work  the  metric  system  is  almost  uni- 
versally adopted  on  account  of  its  simplicity. 

This  is  because  the  units  of  length,  area,  volume, 
and  weight  are  closely  related  to  each  other ;  and 
each  unit  may  be  readily  converted  into  a  different 
unit  of  its  own  class  by  multiplication  or  division 
by  a  power  of  ten,  i.e.  by  merely  shifting  a  decimal 
point. 

Measurement  of  Length. 

The  unit  of  length  in  the  metric  system  is  the 
metre. 

i  metre  =  39*37  inches  m. 

i  decimetre  =  ^      metre  =  -i       metre  dm. 

i  centimetre  =  T^        „       =  '01        ,,  cm. 

i  millimetre  =  T^ro      „       =  'ooi      ,,  mm. 

i  Dekametre  =  10      metres  Dm. 

i  Hectometre  =  100        ,,  Hm. 

i  Kilometre  =1000       ,,  Km. 

The  Latin  prefixes  deci,  centi,  milli  are  used 
for  sub-multiples,  while  the  Greek  prefixes  Deka, 
Hecto,  and  Kilo  stand  for  multiples. 

EXERCISE  i. — To  express  a  length  in  different  metric  units. — 
N.B. — The  decimal  point  is  placed  immediately  to  the 
right  of  the  figure  standing  under  the  unit  of  measure- 
ment required. 

Km.      Hm.       Dm.       m.        dm.       cm.       mm. 

(a)  4         3          8          7          o          2          6 

(b)  o         o         o         6          5          o         3 

Length  (a)  =  4387-026  m.  or  438702-6  cm.  or  43-87026 

Hm. 
Length  (b)  =  0-006503  Km.  or  6503  mm.  or  0-6503  Dm. 

EXERCISE  2. — Draw  a  straight  line  AB  by  using  a  boxwood 
sca^e  or  ruler,  and  a  sharp  lead  pencil  with  a  hard  point. 
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Let  the  first  line  be  2  inches  long.  Draw  a  second 
straight  line  CD  3  inches  long,  and  a  third  EF  5 
inches  long. 

Check  your  measurements  by  holding  your  scale  on  edge 
against  the  paper  and  bringing  the  marks  on  the  scale  in 
contact  with  the  paper  and  the  lines  you  have  drawn. 

Do  not  measure  from  the  extreme  end  of  the  scale  because 
the  end  division  may  be  inaccurate.  Find  by  repeated 
experiment  how  many  centimetres  are  contained  in  one 
inch,  using  a  table  of  results  like  the  one  drawn  below. 


Line  measured. 

Length  in  inches. 

Length  in  cm. 

No.  of  cm.  in  i  inch. 

PQ 

4 

10-15 

2'54 

It  will  be  found  that  2*54  cm.  are  almost  exactly  i  inch. 

Compare  i  cm.  with  half  an  inch  on  your  boxwood  scale. 

Using  a  metre  or  half  metre  scale  determine  the  length  of 
the  bench  or  table  in  the  room,  the  height  of  the  door- 
way, the  width  of  your  desk  or  bench  and  the  height  of 
the  bench  top  from  the  floor. 


FIG.  i. 

All  these  measurements  should  be  entered  neatly  in  metres, 
decimetres,  centimetres,  and  millimetres  expressed  in 
decimal  notation.  Thus  1735  m.  represents  a  length  of 
i  metre,  7  decimetres,  3  centimetres,  5  millimetres. 

Measure  also  the  straight  edges  of  rectangular  wooden 
blocks  and  prisms.  These  measurements  will  be  best 
expressed  in  centimetres  followed  by  two  decimal  places 
to  denote  millimetres  and  estimated  fractions  of  a  milli- 
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metre.     Thus  5-95  cm.  represents  5  centimetres,  9  milli- 
metres, and  -5  or  half  a  millimetre. 

Measurement  of  Curves,  Map  Routes,  Coast-lines, 
etc. 

If  we  regard  a  curve  as  a  line,  which  constantly 
changes  its  direction,  we  may  consider  all  curves  to 
be  built  up  of  a  great  many  very  short  straight  lines 
placed  end  to  end.  If  we  could  measure  all  these 
very  short  straight  lines  their  total  length  would 
represent  the  length  of  the  curve. 

EXERCISE  3. — Draw  a  circle  of  3  cms.  radius  and  using  a 
pair  of  compasses  with  a  hard   chisel  pencil  point,  or 
better  still,  dividers  (Fig.   2),  set  exactly  to  i 
cm.  space,  measure  the  distance  round  the  cir- 
cumference  in  centimetres.     The  result  does 
not  accurately  represent  the  length  of  the  cir- 
cumference because — 
(a)  it  is  very  difficult  to  get  the  compass  points 

exactly  i  cm.  apart. 

(b}  the  straight  line  distance  from  point  to  point 
may  be   i   cm.,  but  then  the  curve   between 
those  two  points  is  greater  than  i  cm. 
Measure  the  circumference  of  the  same  circle  of  3 
cms.  radius  with  a  piece  of  damp  cotton,  laying 
it  carefully  over  the  curve  and  then  transferring 
the  cotton  measure  to  a  scale. 
The  effect  of  damping  the  cotton  is  to  make  it 

less  springy. 

This  does  not  accurately  represent  the  length  of 
FIG.  2.  tne  circumference  because — 

(a)  the  damp  thread  may  slip  during  the  measuring. 
(b)  the  thread  will  shrink  when  wet,  and  stretch  when  dried 
or  pulled. 

The  Opisometer. 

This  instrument  is  used  for  measuring  curved 
lines  and  is  sometimes  called  a  map  measurer.  It 
consists  of  a  metal  frame  with  a  handle,  supporting 
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a  screw-threaded  bar  upon  which  a  milled  wheel 
travels.  At  one  end  of  the 
frame  is  a  pointer,  from  which 
the  wheel  is  started,  being  run 
along  the  curve  and  then  back 
to  the  pointer  over  a  scale. 
This  forms  the  most  convenient 
method  for  measuring  curves, 
map  routes,  or  coast-lines  be- 
cause the  wheel  may  readily 
be  made  to  follow  the  curve, 
and  the  distance  can  be  trans- 
ferred to  the  scale  of  centi- 
metres, or  perhaps  a  scale  of 
miles  on  the  map. 


Aw 

J 

y     \ 


FIG.  3. 

EXERCISE  4. — Trace  an  unworn  penny  with  a  sharp  hard 
pencil,  keeping  as  close  to  the  metal  edge  as  possible. 
Make  a  mark  on  the  circle  and  measure  the  curve  in 
centimetres  by  opisometer  and  scale. 

Make  a  small  blot  on  the  metal  edge  of  the  penny  and  then 
let  the  coin  roll  down  a  sloping  card.  The  distance  from 
centre  to  centre  of  two  consecutive  blots  will  give  the  cir- 
cumference. Record  your  measurements  neatly  in  a  note- 
book, and  compare  the  results  obtained  by  these  two 
different  methods. 

The  Calipers. 

This  instrument  is  used  for  finding  the  external 
or  internal  diameters  of  pipes,  cylinders,  or  other 
round  objects.  The  points  of  the  calipers  are  placed 
in  contact  with  the  outside  or  the  inside  surface  of 
the  object  across  a  diameter,  and  the  distance  be- 
tween the  points  is  then  transferred  to  a  scale.  Note 
that  in  Fig.  4  the  external  diameter  AB  is  the  same 
as  the  internal  diameter  DE,  while  S  is  a  screw 
which  fixes  the  position  for  measuring.  Use  the 
calipers  in  the  next  exercise  to  measure  the  dia- 
meters of  coins,  and  make  a  simple  sketch  of  calipers, 
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using   X  as  construction  lines,  and  compasses  for 
drawing  the  curved  sides. 


FIG.  4. 

To  Find  the  Relation  or  Ratio  Cir^^^ce  for  any 

Circle. 

EXERCISE  5. — Use  a  penny  and  a  halfpenny  to  represent 
circles,  and  let  them  be  as  new  and  unworn  as  possible. 
Measure  their  diameters  in  inches  and  in  centimetres.  Find 
the  length  of  the  circumference  of  each  coin  in  inches  and 
also  in  centimetres  by  rolling  down  a  sloping  card  as  in 
the  last  exercise.  Tabulate  your  results  thus  : — 


Coin  Used. 

Diameter. 

Circumference. 

Ratio 

Circumference 

Diameter 

penny 

i  '2  inches 

3-85  inches 

1*2 

=  -3_5   =  3-21 

12 

penny 

3-05  cms. 

975  cms. 

9.11  = 

07  ^ 
=  ——  —  —  ==    "VIQ 

3  °5 

3°5 

halfpenny 

i  inch 

3*14  inches 

3^4 
i 

=  3'M 

8-06 

806 

halfpenny 

2  -5  5  cms. 

8'o6  cms. 

^55  " 

255    ~  3  l6 

The  results  in  the  last  column  should  closely  agree.  Those 
set  down  in  the  above  table  are  not  to  be  regarded  as 
accurate  but  merely  as  a  guide  to  the  method  of  work- 
ing out. 
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-,,  .      circumference 

1  he  ratio  -  -  accurately  worked  out 

diameter 

is  the  same  for  every  circle  and  is  equal  to  3*14159 
.  ...  or  more  briefly  though  less  accurately,  3^14 
or  3|.  This  ratio  is  usually  denoted  by  the  Greek 
letter  TT.  Since  the  diameter  is  twice  the  radius  of 
an}7  circle,  when  r  is  the  radius,  the  circumference 


EXAMPLES.  —  i.  The  diameter  of  a  cycle  wheel  is  28  inches, 
what  is  the  circumference  of  the  tyre  (v  =  s|). 

2.  How*  many  times  does  such  a  wheel  revolve  in  88  yards? 

3.  How  many  revolutions  does  it  make  in  i  mile  ? 

4.  What  is  the  diameter  of  a  circular  tree-trunk  22  feet  in 
circumference  ? 

5.  What  does  the  Greek  letter  TT  represent?     Give  its  value 
numerically. 


CHAPTER  II 
MEASURING  AREAS 

THE  unit  of  area  in  the  metric  system  is  a  square, 
each  side  of  which  is  i  metre.     This  is  called 
a  square  metre,  and  similarly  a  square  with  i  cm. 
side  is  called  a  square  centimetre. 

EXERCISE  6. — Draw  a  square  with  i  cm.  side  and  a  second 
square  having  a  side  of  2  cms.  Compare  the  areas  covered 
by  both.  How  many  of  the  smaller  squares  are  contained 
in  the  larger  one  ? 

Count  up  the  number  of  square  millimetres  in  a  square  centi- 
metre, using  a  squared  page  of  your  practical  notebook. 

Draw  a  rectangle  5  cms.  long  by  4  cms.  wide  on  centimetre 
squared  paper,  and  count  up  the  number  of  square  centi- 
metres covered.  - 

It  will  be  seen  that  while  in  considering  a  length  10  mms. 
are  equal  to  i  cm.,  in  considering  an  area  100  sq.  mms. 
are  equal  to  i  sq.  cm. 

When  we  multiply  a  number  by  itself,  we  are  said 
to  square  the  number;  so  that  2  x  2  =  22  or  4  and 
3  x  3  =  32  or  9. 

In  square  measure,  using  metric  units,  each  unit 
contains  rc>  squared  or  100  of  the  next  lower  unit. 

EXAMPLE. — Find  the  area  of  a  sheet  of  paper  in  square  centi- 
metres which  measures  19  cms.  by  20  cms.  Express  your 
result  also  in  square  millimetres  and  in  square  decimetres. 
Multiplying  length  by  breadth  we  get  380  sq.  cms.  380  sq. 
cms.  =  38,000  sq.  mms.  =  3'8o  sq.  decimetres. 
8 
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Area  of  any  Triangle. 

EXERCISE  7. — Fold  a  piece  of  scrap  paper  exactly  in  quarters 
and  separate  the  four  rectangles.  Place  one  over  the 
other  to  see  if  all  are  the  same  size. 
This  is  called  superposition.  Draw 
the  diagonal  across  one  rectangle 
and  cut  the  figure  through  along  the 
diagonal.  Observe  that  two  equal 
right-angled  triangles  are  formed 
(Fig,  5).  Prove  them  equal  by  super- 
position. Similarly  make  isosceles 
and  scalene  triangles,  as  in  Figs.  6 
and  7,  and  by  superposing  the  waste 


FIG.  5. 


pieces  on  the  triangles  prove  that  the  area  of  these 
several  triangles  is  in  each  case  half  the  corresponding 
rectangle  or  half  the  base  times  the  height.  By  choosing 
suitable  rectangles,  equilateral  and  also  obtuse-angled 


FIG,  6. 


FIG.   7. 


triangles  can  be  cut  out,  and  their  areas  also  proved  to 
be  half  the  base  times  the  height. 

EXERCISE  8. — Trace  your  set  squares  on  paper  and  calculate 
the  areas  of  the  triangles  thus  obtained. 

Area  of  any  Straight-sided  Plane  Figure. 

Since  we  can  divide  up  any  straight-sided  plane 
figure  into  triangles,  we  can  then  find  the  total  area 
of  the  figure  by  adding  together  the  areas  of  all  the 
triangles. 

Simpler  methods  can  also  be  used  in  some  cases, 
e.g.  :— 

A  parallelogram  has  an  area  equal  to  base  times 
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vertical  height.     Prove  this  by  cutting  a  rectangle 


as  in  Fig  8,  and  then  converting  it  into  a  parallelo- 
gram as  shown. 

Area  of  an  Irregular  Plane  Figure  or  of  a  Curved 
Plane  Figure. 

The  method  of  dividing  into  triangles  may  be 
used,  or  the  figure  may  be  traced  on  squared  paper, 
and  the  squares  covered  counted  to  find  the  total 
area. 


FIG.  9. 

EXERCISE  9. — Draw  Fig.  9,  on  squared  paper,  doubling 
the  length  of  every  bounding  line  and  keeping  the 
angles  the  same.  Find  the  area  by  dividing  into  a 
rectangle  and  a  triangle,  and  check  your  result  by 
counting  the  squares  covered. 

Area  of  a  Circle. 

Any  circle,  by  drawing   innumerable  radii,  may 
be   divided   into   an   infinite   number   of  triangles. 
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The  bases  of  these  triangles  make  up  the  circum- 
ference (27rr)  and  the  height  of  each  triangle  is  r, 
where  r  stands  for  the  radius  of  the  circle.  The 
area  of  the  circle  is  therefore  the  sum  of  the  areas 
of  all  these  triangles.  Since  the  area  of  any  triangle 
=  half  height  times  base,  the  area  of  all  these 
triangles  =  half  height  times  total  length  of  bases. 

•   =  i.  r .  2irr  =  Trr*. 

If  we  know  therefore  the  radius  of  a  circle, 
by  squaring  this  value  and  multiplying  by  TT,  we 
find  the  area  of  the  circle  by  calculation. 

EXERCISE  10. — Draw  circles  of  2  cms.  radius  and  6  cms. 
diameter.  Find  the  area  of  each  by  calculation  and 
state  the  results  in  square  centimetres.  Check  your 
results  by  drawing  similar  circles  on  millimetre  squared 
paper  and  counting  the  squares  covered. 

Note. — In  a  regular  figure  like  a  circle  it  is  not 
necessary  to  count  all  the  squares  covered.  Divide 
the  circle  into  exact  quadrants  or  quarters ;  find  the 
area  of  a  quadrant  and  multiply  by  four. 

Area  of  an  Ellipse. 

Take  a  sheet  of  paper  and  fix  it  on  a  drawing- 
board.  Draw  a  line  half  an  inch  long,  in  the  centre, 
and  insert  two  drawing-pins  firmly  at  each  end 
of  the  line.  Make  a  loop  of  thread,  and,  passing 
it  over  the  pins,  keep  it  tightly  stretched  by  a 
pencil  point.  Move  the  pencil  in  the  stretched 
loop  and  it  will  be  found  that  an  ellipse  can  be 
traced.  Each  of  the  pin  points  is  called  a  focus 
of  the  ellipse. 

Produce  the  half-inch  line  joining  the  pin  points 
both  ways  until  it  meets  the  curve  of  the  ellipse. 
This  line  is  the  major  axis  and  the  line  bisecting 
it  at  right  angles  is  the  minor  axis. 

The  area  of  an  ellipse  =  IT  times  the  product 
of  the  semi-axes. 
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EXERCISE  1 1 . — Find  the  area  of  an  ellipse  which  is  8  cms. 
along  the  major  axis,  and  6  cms.  along  the  minor  axis. 

Area  of  ellipse  =  TT  times  product  of  semi-axes. 
=  3-14  x  3  cms.  x  4  cms. 
=  3 7 -68  sq.  cms. 

The  area  of  an  ellipse  may  also  be  found  by  tracing 
it  on  squared  paper  and  counting  the  squares  covered. 


CHAPTER  III 


MEASURING  VOLUMES 

THE  unit  of  volume  in  the  metric  system  is  the 
cubic  decimetre  which  is  roughly  equal  to  if 
pints.     This  unit  is  also  called  a  litre. 

EXERCISE  12. — Take  a  sheet  of  stiff  cartridge  paper  rather 

more  than    32  cms.   long,    and  over    22  cms.   in   width. 

Carefully    rule     decimetre 

squares  on  it,  as  in  Fig.  10, 

three    such   squares   along 

one  long  side  of  the  paper 

and  three  others  opposite, 

with  a   centimetre  margin 

all  round.    The  right  angles 

should  be  made  by  using  a 

set-square  and  each  square 

should  be  divided  up  into 

100  sq.   cms. 
Cut  out  the  two  rectangles  of 

three  squares  each,  leaving 

a  centimetre  margin  round 

one  rectangle.    The  margin 

should  be  cut  away  at  the 

corners  of  each  of  the  squares,  and  by  gumming  the  flaps 

formed  in  this  way,  the  two  rectangles  of  three  squares 

each  may  be  fastened  together  to  form  a  cube.     A  cubic 

inch  and  a  cubic  centimetre  should  also  be  constructed 

of  cartridge  paper  in  a  similar  way. 

It  will  be  readily  seen  that  since  it  requires  10 
cubic    centimetre    cubes    placed    in    line    to    make 

13 


FIG.  10. 
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i  decimetre,  which  is  the  length  of  the  edge  of  the 
litre  cube,  that  the  number  of  cubic  centimetres  in 
a  cubic  decimetre  or  litre  is  10  x  10  x  10  or 
io3  =  1000.  In  cubic  measure  each  unit  therefore 
contains  io  cubed  or  1000  units  of  the  next  lower 
order,  e.g.  i  cubic  metre  contains  1000  cubic  deci- 
metres. 

Volumes  of  Regular  Solids. 

A  rectangular  block  is  a  solid  which  has  six  faces, 
the  same  number  as  a  cube  has,  but  each  face  is  a 
rectangle  and  therefore  only  opposite  faces  are 
equal  in  area.  Since  all  the  angles  of  the  rectangles 
are  right  angles,  the  volume  of  such  a  block  =  length 
x  width  x  depth. 

EXERCISE  13. — Find  the  volume  of  a  wooden  rectangular 
block  and  the  total  area  of  all  the  faces.  Find  the 
capacity  of  a  cardboard  box  without  a  lid,  and  the  area 
of  the  cardboard  used  in  making  it. 

A  prism  is  a  solid  with  two  parallel  ends,  both  of 
similar  shape  and  of  equal  area.     The  faces  of  the 
prism,  which  are  the  same  in 
number  as  the  number  of  sides 
in  one  end  of  the  prism,  are 
usually  at  right  angles  to  the 
ends.    When  they  are  at  right 
FIG.  ii.  angles  the  prism  is  a  right 

prism  [A,  Fig.  1 1],  but  if  they 
are  not  it  is  called  an  oblique  prism  [B,  Fig.  11]. 

EXERCISE  14. — Make  some  cubes  in  soap,  clay,  or  plasticine 
and  cut  them  in  the  ways  shown  in  Figs.  12-15. 

Find  what  fraction  of  the  volume  of  the  cube  each  prism 
contains  and  observe  that  the  volume  of  any  right  prism 
=  area  of  end  x  length. 
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The  volume  of  any  prism  =  area  of  end  x  vertical  height  or 
length. 


FIG.   12. 


FIG.  13. 


FIG.  14. 


FIG.  15. 


EXERCISE  15. — Find  the  volume  of  wooden  prisms  supplied, 
in  each  case  working  out  the  area  of  one  end  and  multi- 
plying by  the  length. 

A  pyramid  is  a  solid  with  an  apex  or  point  which 
is  situated  upon  a  line  which  passes  through  the 
centre  of  the  base,  and  which  cuts  the  base  usually 
at  right  angles.  If  the  apex  is  not  vertically  over 
the  centre  of  the  base,  the  pyramid  is  oblique. 

EXERCISE  16. — Take  the  four  triangular  prisms  formed  in 
Exercise  14,  Fig.  15,  and' note  that  one  side  of  each  is 
a  square,  being  one  of  the  original 
faces  of  the  cube.  Standing  each 
prism  upon  its  square  face,  find  the 
middle  point  of  the  top  edge  and  cut 
two  slant  faces  from  this  point  so  as 
to  produce  a  pyramid.  Each  of  the 
four  prisms  may  be  treated  in  this 
way,  and  the  eight  waste  pieces  produced  will  be  found 
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to  fit  together  to  form  two  other  pyramids  of  the  same 
size.  Hence  a  cube  may  be  divided  up  into  six  equal 
pyramids.  The  volume  of  each  pyramid  is  £  of  the  cube 
or  ^  of  half  the  cube.  But  half  the  cube  has  the  same 
base  and  same  height  as  one  of  the  pyramids,  so  that  the 
volume  of  a  pyramid  is  ^  area  of  base  times  height. 

The  volume  of  any  pyramid  =  J  area  of  base  times  vertical 
height. 

EXERCISE  17. — Find  the  volume  of  wooden  pyramids  sup- 
plied, in  each  case  working  out  the  area  of  the  base,  and 
multiplying  by  ^  vertical  height  as  measured  by  a  set- 
square  sliding  up  a  vertical  scale. 

The  Cylinder  and  the  Cone. 

A  cylinder  may  be  regarded  as  a  prism  with  cir- 
cular ends.  Hence  the  volume  of  a  cylinder  is  area 
of  end  x  length.  We  have  previously  found  that 
the  area  of  a  circle  is  vrr2  when  r  =  radius  of  the 
circle,  so  that  if  /  =  length  of  cylinder,  volume  of  a 
cylinder  =  vrr2/. 

The  total  surface  of  a  cylinder  is  evidently  the 
two  ends  each  =  ?rr2,  and  the  curved  surface  which 
—  2irrl. 

EXERCISE  1 8. — Cut  a  rectangle  exactly  as  wide  as  the  length 
of  a  wooden  cylinder  and  roll  the  cylinder  inside  the 


FIG.  17. 


FIG.  i 8. 


FIG.  19. 


paper  strip.  Mark  carefully  the  length  of  paper  which 
just  covers  the  curved  surface,  and  then  unroll  the  paper 
and  cut  off  the  surplus.  We  have  now  a  rectangle  with 
the  long  side  =  2^r,  the  circumference  of  the  circular  end 
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of  the  cylinder,  and  the  short  side  =  /,  £he  length  of  the 
cylinder.  The  area  of  this  rectangle  which  is  evidently  the 
same  as  that  of  the  curved  surface  of  the  cylinder  =  2irrl. 

A  cone  may  be  regarded  as  a  pyramid  with  a  cir- 
cular base,  and  its  volume  is  therefore  =  i  area  of 
base  times  vertical  height.  The  sphere  or  ball  has  a 
volume  =  §  of  the  corresponding  cylinder,  which  is 
easily  proved  in  the  following  way : — 

EXERCISE  19. — Take  a  tennis  ball  or  ordinary  rubber  ball 
and  find  a  tin  canister  into  which  the  ball  just  slips. 
Measure  the  diameter  of  the  ball  or  that  of  the  circular 
canister  into  which  it  fits  closely  and  which  therefore 
is  approximately  the  same.  Mark  this  distance  off  on 
the  side  of  the  canister  in  several  places  and  draw  a  circle 
round  the  canister  through  the  marks.  Two  or  three 
small  holes  should  then  be  made  through  the  sheet  metal 
of  the  sides  of  the  canister  on  this  circle,  or  the  tin  can  be 
carefully  cut  round  on  the  marked  circle.  By  filling  the 
canister  with  water  up  to  the  marked  circle  and  then  push- 
ing the  ball  down  into  the  water,  it  will  be  found  that  the 
ball  displaces  f  of  the  water  previously  held  in  the 
cylinder. 

The  volume  of  a  ball  or  sphere  is  ^rrj-3  because  the 
volume  of  the  cylinder  which  just  contains  it,  is  area 
of  base  x  height  =  irr*  x  2r  =  2-Trr3.  Hence  in  order 
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to  find  the  volume  of  a  ball,  measure  the  diameter 
by  calipers  and  scale  (Fig.  4),  or  by  rectangular 
blocks  and  scale  (Fig.  20),  and  remembering  that  r 
or  radius  is  half  the  diameter,  cube  the  radius  and 
multiply  by  ITT. 
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Finding  Volumes  by  Displacement  of  Water. 

The  last  exercise  suggests  that  the  volume  of  any 
solid  may  be  found  by  displacement,  provided  that 


-V 

/B 


FIG.  21. 
A,  correct  position  ;  B,  incorrect  position. 

water  does  not  spoil  nor  dissolve  the  solid.     For  this 
purpose  a  measuring  jar  is  generally  used  (Fig.  21). 

The  Measuring  Jar,  or  Graduated  Cylinder  or  Jug. 
In  the  metric  system  the  graduations  show  cubic 
centimetres.  Frequently  the  smallest  space  marked 
stands  for  2  or  perhaps  5  c.c.  Only  the  smallest 
measuring  jars  are  marked  in  single  c.cs.  Some- 
times the  marks  are  numbered  from  the  bottom 
upwards  and  also  from  the  top  downwards.  This 
enables  either  the  quantity  poured  out  from  the  top 
mark  or  the  quantity  remaining  in  the  jar  to  be  read 
at  a  glance.  Always  let  the  jar  stand  on  the  bench 
while  reading  the  level,  and  keep  the  eye  in  a  hori- 
zontal line  with  the  liquid  surface,  taking  as  the  level 
the  lowest  point  of  the  liquid  curve  or  meniscus  every 
time. 

Finding  the  Volume  of  Solids  by  Using  a  Measur- 
ing Jar. 

EXERCISE  20. — Determine  by  displacement  of  water,   the 
volume  of  a  quantity  of  sand ;  of  a  number  of  lead  shot, 
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and  therefore  of  one  shot  by  division  ;  of  an  uncut  lead 
pencil  or  short  stick,  either  of  which  must  be  thrust  be- 
low the  water  by  a  long  wire  or  a  hat-pin ;  of  an  irregular 
stone  or  piece  of  metal ;  of  a  teaspoon  or  a  thimble. 
Enter  your  notes  as  follows  : — 

(a)  Title  of  experiment  followed  by  sketch  and  brief  de- 
scription of  the  method  of  using  the  apparatus,  e.g.  men- 
iscus reading,  how  to  drop  in  the  solid,  etc. 

(b)  Volume  of  water  taken  in  the  jar    .         .         .     c.c. 
Increased  volume  after  dropping  in  the  solid    .     c.c. 
Volume  of  the  solid  by  displacement       .         .     c.c. 

Testing  the  Capacity  of  Vessels  by  the  Measuring 
Jar. 

EXERCISE  21. — Find  the  number  of  c.c.  contained  in  a  test 
tube,  a  tablespoon,  a  teaspoon,  entering  in  your  notebook 
for  each. 

Volume  of  water  taken  in  the  jar   ....     c.c. 

Decreased  volume  after  filling  vessel        .          .         .     c.c. 

Internal  volume  or  capacity  of  the  vessel         .         .c.c. 

The  Burette. 

Note  that  this  instrument  holds  50  c.c.  as  a  rule 
between  the  graduated  marks.  The  jet,  or  tap  at  the 
bottom,  must  be  filled  before  any  measurements  are 
made,  and  it  is  convenient  to  adjust  the  level  by  the 
tap  or  jet  to  the  first  mark  before  starting  to  measure. 
Each  cubic  centimetre  is  divided  into  tenths,  so  that 
much  more  accurate  work  can  be  done  by  this  in- 
strument than  by  the  measuring  jar. 

EXERCISE  22. — Repeat  the  capacity  experiments  performed 
with  the  measuring  jar,  using  the  burette  instead,  and  note 
the  added  degree  of  accuracy  obtained  by  the  latter. 

The  Pipette. 

This  holds  a  fixed  quantity  of  liquid  like  a  tea- 
spoon, and  is  useful  to  measure  small  quantities  of 
liquid.  The  pipette  is  filled  by  cautiously  sucking 
out  air  from  the  upper  end  while  the  pointed  jet  is 
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held  in  the  liquid.  The  rising  surface  of  the  liquid 
in  the  pipette  should  be  watched  all  the  time,  or 
some  liquid  may  be  drawn  into  the  mouth.  The 
forefinger  should  be  moistened  and  placed  rapidly 
over  the  upper  end,  and  by  a  gentle  rolling  motion  of 


Burettes. 


Pipettes. 


FIG.  22. 

the  finger,  air  should  be  slowly  admitted  in  order  to 
let  the  level  fall  to  the  etched  mark  just  above  the 
bulb.  The  measured  quantity  is  then  transferred 
to  the  required  vessel. 

EXERCISE  23. — Measure  out  10  c.c.  and  25  c.c.  by  pipettes 
of  different  sizes,  and  find  the  capacity  of  a  tablespoon  by 
a  pipette. 
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The  Canula  or  Fountain  Pen  Filler  and  the  Dropping 
Tube. 

This  is  a  kind  of  ungraduated  pipette  with  a 
rubber  bulb  at  the  top  for  transferring  small  quanti- 
ties of  liquid.  A  clean  tube  of  this  kind  will  measure 
out  single  drops  of  liquid  very  conveniently,  and 
hence  is  useful  for  dropping  alcohol  or  oil  into  the 
ear  or  measuring  drops  medicinally.  A  short  length 
of  quill  glass  tube  forms  a  convenient  dropping  tube 
for  taking  up  very  small  quantities  of  liquid,  for 
microscope  work,  etc.,  and  should  be  rounded  at 
both  ends. 

EXERCISE  24. — Make  a  dropping  tube  by  cutting  a  4-inch 
length  of  quill  glass  tube.  This  is  done  by  making  a  file 
scratch  and  then  snapping  the  glass  tube  at  the  scratch. 
The  ends  should  be  rounded  by  heating  until  just  red  hot 
in  the  flame  of  a  bunsen  burner. 

EXERCISE  25. — -Find  the  number  of  drops  in  a  teaspoon  by 
means  of  a  pen  filler  or  dropping  tube. 


CHAPTER  IV 
MEASURING  MASS  OR  WEIGHT 

THE  difference  between  mass  and  weight  is 
explained  in  the  next  two  chapters,  but  since 
mass  is  usually  measured  by  weight,  the  units  for 
both  are  the  same.  The  unit  of  mass  in  the  metric 
system  is  the  weight  of  i  cubic  centimetre  of  water 
at  4°  Centigrade,  and  is  called  a  gram. 

Balances  and  Weights. 

The  common  balance  for  laboratory  use  is  made 
of  brass  with  a  wooden  base  or  sole.  A  central 
pillar  supports  the  beam,  from  the  ends  of  which 
hang  the  balance  pans.  The  turning-points  are 
made  of  hard  agate,  to  avoid  friction  as  far  as  pos- 
sible, and  a  lever  at  the  base  of  the  central  pillar 
puts  the  pans  on  or  off  the  swing. 

The  pans  must  not  be  touched  while  swinging 
and  must  not  be  left  on  the  swing.  All  weights 
should  be  lifted  by  the  forceps  except  the  heavier 
brass  ones,  which  may  be  carefully  handled  with 
dry,  clean  fingers. 

Usually  there  are  eight  small  weights  less  than 
i  gram,  which  are  stamped  in  milligrams,  and 
have  special  shapes  to  avoid  confusing  one  with 
another  (see  opposite  page). 

Sometimes  only  the  first  four  of  these  weights 
are  supplied  and  weights  less  than  *i  gm.  are 
determined  by  a  wire  rider,  a  horse-shoe  shaped 
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piece  of  wire  weighing  'i  gm.,  which  can  be  slid 
along  half  the  balance  beam  which  is  marked  like  a 
scale.  For  more  accurate  work  the  eight  weights 
are  supplied,  together  with  a  light  wire  rider  '01 


FIG.  23. 

gm.  which  is  used  to  determine  the  very  small 
fractions  of  a  gram.  A  sliding  hook  is  used  to 
move  the  light  wire  rider  in  a  delicate  balance,  so 
that  the  final  adjustment  in  weighing  is  made  inside 
a  closed  glass  case  out  of  disturbance  by  air 
draughts. 

Method  of  Using  the  Common  Balance. 

In  order  to  weigh  something  directly,  e.g.  a  small 
wooden  block,  the  balance  must  first  be  properly 
adjusted.  The  wooden  sole  is  supported  on  three 
brass  feet,  those  in  front  having  screws  for  raising 
or  lowering.  Like  a  camera  tripod  these  three  feet 
ensure  a  firm  and  level  support.  A  silk  cord  and 
small  brass  weight,  hung  directly  over  a  small 
spike  fastened  to  the  pillar,  show  when  the  pillar 
is  quite  upright.  Small  weights  at  either  end 
of  the  beam  travel  along  brass  screws  to  secure 
equal  turning  forces  on  either  side  of  the  central 
pivot,  and  a  pointer  fastened  just  above  the  central 
pivot  swings  over  an  index  at  the  base  of  the 
pillar  and  shows  when  the  turning  forces  are  equal. 
After  checking  the  adjustment  of  the  balance  and 
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seeing  the  balance  pans  swing  freely  and  are  quite 
clean  and  free  from  dust,  the  box  of  weights  should 
be  examined  to  see  that  none  are  missing  and  that 
the  forceps  are  in  good  condition. 

Commencing  with  a  weight  heavier  than  the 
object  to  be  weighed,  every  smaller  weight  in  the 
box  in  turn  should  be  placed  on  the  pan  while  off 
the  swing,  the  lever  moved  to  put  the  pans  on  the 
swing,  the  weight  being  left  on  if  insufficient,  but 
removed  after  the  pans  have  been  placed  off  the 
swing  if  found  to  be  in  excess. 

When  the  pointer  swings  equally  on  each  side  of 
the  central  mark  or  zero  on  the  index,  the  weighing 
is  correct. 

To  Find  Correct  Weight  by  an  Ill-adjusted  Balance. 

1.  The   adjustment  may   be   put  right  by  using 
scrap  paper,  fragments  of  wire,  etc.,  and  the  weigh- 
ing carried  out  as  before. 

2.  A  rather  heavier  object  than  the  substance  to 
be  weighed  may   be   placed   in  one   pan,  counter- 
poised by  weights  and  then  the  actual  substance  to 
be  weighed  may  be  placed  in  the  same  pan  as  the 
weights,  the  weights  being  taken  off  to  make  room  for 
it.     Weights  are  added  to  counterpoise  the  heavier 
object  as  before,  and  by  comparing  the  first  lot  of 
weights  with  the  second,  the  weight   of  the  sub- 
stance  to  be  weighed  is  found    by   the  method  of 
substitution. 

3.  Weighing   by  difference.     This  method  is  in- 
variably adopted  in  chemistry  where  a  powdered  or 
liquid  substance  must  not   touch    the  balance  pan 
and  must  therefore  be  weighed  in  some  containing 
vessel.     A   clean  watch   glass,  test   tube,  basin,  or 
flask   is  counterpoised   and   a  second   weighing  is 
then  made  after  placing  the  substance  in  the  vessel. 
It  will  readily  be  seen  that  since  the  true  weight 
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of  the  substance  is  found  by  subtraction,  any  error 
of  adjustment  in  the  balance  will  not  affect  the 
weight  of  the  substance,  but  only  the  weight  of  the 
containing  vessel,  which  does  not  matter.  Some- 
times the  vessel  and  substance  are  weighed,  some 
substance  is  shaken  or  poured  out,  and  a  second 
weighing  is  made,  the  difference  representing  the 
amount  of  substance  used.  This  enables  several 
different  amounts  of  substance  to  be  taken  in  con- 
secutive experiments,  with  a  minimum  of  weighing. 
Hence  in  weighing  by  difference,  provided  the 
balance  pans  swing  freely,  we  need  not  adjust  the 
balance  before  weighing;  but  it  is  absolutely  neces- 
sary to  use  the  same  balance  each  time,  and  the 
same  pan  must  carry  the  substance  to  be  weighed 
every  time. 

The  Spring  Balance. 

This  is  a  convenient  instrument  for  finding  the 
approximate  weight  of  a  letter,  parcel,  fish, 
meat-carcase,  etc. 

Advantages  as  Compared  with  the  Common 

Balance. 

Cheap,  and  light  in  weight,  it  is  easily 
carried  about  without  getting  out  of  order. 
It  is  quicker  to  work  by,  since  there  are  no 
weights  to  handle. 

Disadvantages  as   Compared  with   the  Com- 
mon Balance. 

The  spring  balance  is  not  nearly  so  sensi- 
tive and  cannot  show  small  differences  of 
weight.  This  is  mainly  due  to  friction, 
which  in  time  wears  the  spring,  and  causes 
it  to  stretch  more  easily.  The  spring  varies 
slightly  from  time  to  time  both  on  account 
of  heat  and  cold,  and  because  the  attractive  FlG*  24' 
force  of  the  earth  or  gravitation  varies  slightly  from 
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place  to  place  ;  e.g.  at  the  geographical  poles  a  body 
should  weigh  more  on  a  spring  balance  than  nearer 
the  equator  on  this  account,  because  the  flattening 
of  the  surface  curvature  of  the  earth  at  the  poles 
brings  them  nearer  the  centre  of  the  earth  than 
places  more  remote  from  the  poles. 

Exercises  in  Weighing  (No.  26  to  No.  40). 

Using  a  common  balance  and  carefully  following  out 
"  method  of  using  the  common  balance,"  weigh  directly 
a  wooden  block,  a  small  metal  cube,  and  your  watch  or 
penknife.  Take  a  clean  post-card  and  draw  upon  it  a 
rectangle  of  10  sq.  cms.  and  a  circle  of  3  cms.  radius  side 
by  side.  Cut  each  out  carefully  and  weigh  each  figure  in 
turn.  If  the  rectangle  weighs  i  gram  and  the  circle  2-83 
grams  how  could  you  compare  the  areas  ?  Areas  cut  from 
precisely  similar  material  are  directly  proportional  to  their 
weights,  so  that  this  method  of  finding  area  is  by  propor- 
tional weights.  If  you  have  a  prism  and  a  pyramid  of 
similar  material,  e.g.  the  same  kind  of  wood,  or  a  cone  and 
a  cylinder  of  similar  wood  of  the  same  base  area  and  of 
equal  height,  weigh  prism  and  pyramid  separately,  compare 
their  weights  and  hence  their  volumes.  Areas  or  volumes 
by  proportionate  weights  are  only  approximate — cardboard 
or  wood  is  not  uniform  but  variable  material.  Using  a 
spring  balance,  weigh  the  block  of  wood,  cube,  penknife 
or  watch  used,  previously  suspending  each  by  a  piece  of 
thread.  Compare  your  results  with  those  obtained  by 
using  the  common  balance  and  decide  which  are  likely  to 
be  more  accurate.  Weigh  a  large  iron  nail  5  inches  long 
in  air,  and  then  immersed  in  a  known  volume  of  water  in 
a  measuring  jar.  Note  that  the  loss  of  weight  when 
weighed  in  water,  expressed  in  grams,  is  approximately 
equal  to  the  number  of  c.cs.  of  water  displaced  by  the 
nail.  We  shall  explain  this  fully  in  Chapter  VI. 

Weigh  by  difference  20  c.cs.  of  water  measured  into  a  beaker 
from  a  measuring  jar.  The  result  should  be  approxi- 
mately 20  grams,  because  i  c.c.  of  water  (at  4°  C.)  weighs 
i  gram.  Weigh  by  difference  various  seeds,  and  assuming 
the  material  of  the  mustard-seed,  pea-seed,  and  bean-seed 
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to  be  similar,  compare  the  relative  size  of  each  seed. 
Thus  if  an  ounce  of  each  seed  is  taken  and  weighed,  it 
would  include  400  to  450  pea-seeds,  a  great  many  more 
mustard-seeds,  and  many  less  bean-seeds. 
Find  by  experiment  the  number  of  grams  in  an  ounce. 
Calculate  and  verify  the  number  of  seeds  of  each  of  the 
three  kinds  that  weigh  i  gram. 


CHAPTER  V 
PROPERTIES  OF  MATTER 

MATTER  is  anything  which  gives  rise  to  sense 
impressions.  Our  senses  of  touch,  sight,  hear- 
ing, taste,  and  smell  make  us  aware  of  our  surround- 
ings. Touch  serves  to  tell  us  of  the  presence  of 
solid  bodies,  e.g.  the  floor,  a  table,  a  pencil,  etc.,  also 
of  liquids  like  water,  and  of  gases  in  motion  like  a 
draught  of  air.  Similarly  our  other  senses  receive 
many  impressions  from  different  forms  of  matter. 
We  smell  escaping  coal-gas,  we  taste  dissolved  salt 
or  sugar,  we  hear  the  pattering  of  unseen  rain,  we 
see  the  sun  or  moon. 

Matter  exists  in  the  form  of  a  solid,  of  a  liquid,  or 
of  a  gas.  Many  substances  are  known  to  assume 
all  three  of  these  forms  or  states,  e.g.  ice,  water, 
steam.  Liquids  and  gases  flow  and  are  therefore 
fluids.  All  forms  of  matter  have  weight  and  occupy 
space.  They  also  require  the  application  of  a  force 
to  produce  motion  from  a  state  of  rest  or  to  produce 
rest  from  a  state  of  motion  ;  in  other  words,  all  forms 
of  matter  possess  the  property  of  inertia. 

It  is  easy  to  show  that  solids  and  liquids  have 
weight,  occupy  space,  and  possess  inertia.  The 
inertia  of  a  solid  is  shown  in  the  fact  that  force 
is  required  to  move  it,  or  to  stop  it  if  it  is  already 
moving.  The  inertia  of  water  is  felt  in  swimming 
or  in  rowing.  Muscular  effort  is  required  to  force 
the  body  or  the  boat  through  the  water. 

28 
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To  prove  that  a  gas,  such  as  air,  possesses  weight,  a 
stout  glass  globe  fitted  with  a  brass  tap  is  weighed 
full  of  air,  and  then  again  after  exhausting  the  air 
from  it  by  means  of  an  air-pump.  A  loss  of  weight 
is  observed  when  the  air  is  withdrawn.  To  prove 
that  a  gas,  such  as  air,  occupies  space,  an  ordinary 
glass  tumbler  or  glass  jam-pot  may  be  pushed 
mouth  downwards  into  a  bowl  of  water.  The 
water  only  rises  a  little  way  inside  the  glass  be- 
cause the  air  inside  occupies  space  and  resists  the 
entry  of  the  water.  It  is  possible  to  make  the  air 
take  up  less  space  by  compression,  but  even  under 
great  compression  a  volume  of  air  still  takes  up 
some  space. 

To  prove  that  air  possesses  inertia,  hang  a  heavy 
ball  or  weight  by  a  strong  thread  and  set  it  swing- 
ing like  a  pendulum.  After  a  time  it  comes  to  rest, 
chiefly  because  the  air  resists  the  passage  of  the  ball 
through  it,  i.e.  it  offers  resistance  to  the  continual 
setting  in  motion  of  the  air  particles  as  the  ball 
moves.  A  clock  pendulum  is  kept  swinging  by  the 
action  of  the  spring  or  driving  weight,  and  stops 
when  this  ceases,  i.e.  if  the  clock  is  allowed  to  "run 
down". 

Porosity. 

All  forms  of  matter  are  more  or  less  porous,  that 
is,  the  minute  particles  or  molecules  of  which  they 
are  composed  have  spaces  between  them.  These 
pores  are  very  variable  in  size.  Gases  are  very 
porous,  liquids  only  very  slightly  so.  Solids  vary 
in  porosity.  Certain  metals  are  easily  porous  to 
gases  at  red  heat,  while  practically  non-porous  to 
them  when  cold.  Sponge,  cork,  coke,  brick,  calico, 
bread  are  solids  with  visible  pores. 

Compressibility. 

This  property  of  being  able  to  be  made  smaller 
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by  pressure  is  possessed  to  a  very  great  extent  by 
gases,  to  a  much  smaller  extent  by  solids,  and  to  a 
very  slight  extent  indeed  by  liquids.  Solids  which 
have  visible  pores  are  more  easily  compressed  than 
those  with  smaller  pores.  Gases  are  very  easily 
compressed  because  their  particles  are  very  loosely 
packed  together. 

Elasticity. 

Many  substances  when  compressed  try  to  regain 
their  original  volume  because  they  possess  elasticity. 
Certain  solids  also  resist  change  of  shape  besides 
resisting  change  of  volume.  A  solid  which  resists 
change  of  shape  is  said  to  be  rigid,  and  so  we  speak 
of  a  rigid  bar  when  we  mean  a  bar  that  does  not 
bend  or  change  its  shape  under  an  ordinary  strain. 
Gases  are  very  elastic,  liquids  very  slightly  so, 
solids  vary  in  elasticity.  Rubber,  steel,  and  glass 
are  solids  possessing  considerable  elasticity. 

Indestructibility  of  Matter. 

Many  substances,  e.g.  water,  may  be  readily  ob- 
tained in  both  solid,  liquid,  and  gaseous  forms,  and 
just  as  we  can  convert  a  solid  to  a  liquid  by  heating, 
and  by  further  heating  to  a  gas,  so  by  certain  pro- 
cesses, e.g.  burning  or  combustion,  we  can  convert 
one  kind  of  matter  to  a  totally  different  kind.  A 
solid  wax  candle  on  burning  becomes  various  gases. 
We  cannot  actually  destroy  matter  or  create  it,  though 
the  term  destruction  is  frequently  used  when  a  thing 
is  rendered  unfit  for  a  certain  use. 

Experiment  on  Indestructibility  of  Matter. 

Take  a  small  beaker  containing  about  20  c.cs.  of  dilute 
sulphuric  acid  and  a  little  black  copper  oxide  upon  a 
piece  of  scrap  paper.  Place  a  piece  of  glass  rod  in  the 
beaker  for  a  stirring  rod,  weigh  the  acid,  beaker,  and 
rod  together,  and  also  the  copper  oxide  on  the  scrap 
paper.  Tip  the  oxide  into  the  acid  and  stir.  The  black 
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oxide  dissolves  and  forms  a  new  substance  which  gives  a 
blue  colour  to  the  contents  of  the  beaker.  There  is  no 
change  of  weight  so  that  nothing  has  been  created,  though 
a  new  substance  has  been  formed  from  the  old  one. 

Solids,  liquids,  and  gases  possess  distinctive 
properties  which  enable  them  to  be  readily  dis- 
tinguished from  each  other. 

Solids  have  their  own  size  and  shape  ;  liquids  have 
their  own  size  but  take  the  shape  of  the  vessel  which 
holds  them ;  gases  have  no  shape  nor  size  of  their 
own,  but  only  that  of  the  containing  vessel  which 
must  completely  enclose  them,  or  otherwise  gas 
will  escape.  Solids  possess  the  property  of  cohe- 
sion which  makes  the  particles  cling  tightly  to- 
gether, liquids  have  little  cohesion  and  gases  none 
at  all.  The  diffusion  of  liquids  and  gases  resulting 
in  two  gases  or  two  liquids  becoming  mingled,  is 
due  to  the  passage  of  one  fluid  through  the  pores  of 
another.  Solids  as  a  class  are  heavier  than  liquids, 
though  there  are  plenty  of  exceptions  to  this  rule  ; 
gases  are  much  lighter  than  either  liquids  or 
solids. 

Hardness. 

This  property  is  possessed  by  solids  in  a  varying 
degree,  and  the  particles  of  hard  bodies  resist 
change  of  position,  or  being  forced  apart  by  the 
edge  of  a  cutting  instrument. 

The  diamond  is  the  hardest  known  substance, 
and  diamond  drills  will  bore  holes  in  the  hardest 
rocks. 

Ductility 

is  a  property  possessed  by  metals  enabling  them  to 
be  drawn  out  into  a  wire.  Gold,  silver,  and  copper 
are  very  ductile  metals. 
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Malleability 

is  a  property  possessed  by  metals  which  enables 
them  to  be  flattened  into  thin  sheets.  Gold-leaf  is 
well  known  for  its  extreme  thinness  (up  to  ^uVotf 
of  an  inch).  Silver,  platinum,  lead,  and  tin  are  also 
very  malleable.  (So-called  silver-paper  is  really 
thin  tinfoil.) 


CHAPTER  VI 
DENSITY  AND  SPECIFIC  GRAVITY 

WE  have  already  considered  the  meaning  of 
the   word    "matter"    as    being    anything 
which   gives   sense   impressions ;    the   quantity   of 
matter   contained   in  a  body  is  the  mass  of   that 
body. 

Equal  sized  blocks  of  lead  and  cork  have  very 
different  weights,  because  the  lead  contains  about 
fifty  times  more  matter  than  the  cork. 

Difference  between  Mass  and  Weight. 

The  force  of  gravity  or  gravitation  which  attracts 
all  bodies  on  the  surface  of  the  earth  towards  its 
centre,  is  generally  used  to  measure  the  mass  of  a 
body.  Mass  and  weight,  however,  have  different 
and  distinct  meanings.  The  mass  or  quantity  of 
matter  in  a  body  does  not  vary,  but  the  attractive 
force  of  gravity  varies  slightly  from  place  to  place. 
Gravitation  appears  to  act  from  the  centre  of  the 
earth,  and  owing  to  the  oblateness  of  the  earth, 
this  force  has  a  greater  effect  on  the  same  mass  in 
polar  regions  than  in  equatorial  regions.  A  deli- 
cate spring  balance  shows  this,  but  an  ordinary 
balance  cannot  show  it,  because  both  weights  and 
object  weighed  are  equally  affected. 

The  density  of  a  substance  is  mass  per  unit 
volume,  and  is  useful  for  purposes  of  comparison. 
Thus  a  block  of  wood  may  be  considerably  heavier 
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than  an  iron  weight  of  smaller  size,  but  the  density 
of  wood  is  always  less  than  that  of  iron,  because  it 
is  only  fair  to  compare  the  weights  of  equal  volumes 
of  wood  and  iron.  The  weights  of  a  cubic  centi- 
metre, cubic  inch,  or  some  other  unit  volume  should 
be  found  and  the  density  of  each  expressed  in 
grams  per  cubic  centimetre,  or  ounces  per  cubic 
inch.  Hence  the  density  of  any  substance  in  grams 
per  cubic  centimetre  can  always  be  found  by  dividing 
the  mass  in  grams  by  the  volume  in  cubic  centimetres. 

Since  i  gram  of  water  occupies  i  c.c.,  the  density 
of  pure  water  (at  4°  C.)  is  i  gram  per  c.c. 

Specific  Gravity  is  density  relative  to  that  of  water, 
so  that  when  we  say  that  lead  has  a  specific  gravity 
of  1 1 '4,  we  mean  that  lead  is  11*4  times  as  heavy  as 
water,  bulk  for  bulk,  or  in  other  words,  the  density 
of  lead  is  1 1  '4  grams  per  c.c. 

To  Find  the  Density  of  a  Wooden  Block. 

EXERCISE  41. — The  mass  in  grams  is  carefully  found  by 

weighing. 
The  volume  in  c.cs.  is  found  by  measurement  and  calculation. 

Density  of  the  wood  =  mass  in  .grams   =  x  grams  per  c.c. 
volume  in  c.cs. 

To  Find  the  Density  of  a  Large  Iron  Nail. 

EXERCISE  42. — The  mass  in  grams  is  found  by  weighing. 
The  volume  in  c.cs.  is  found  by  displacement  of  water,  using 
a  measuring  jar. 

Density  of  the  iron  nail  =  mass  m .grams  =  y  grams  per  c.c. 
volume  in  c.cs. 

To  Find  the  Density  of  a  Liquid. 

EXERCISE  43. — A  small  bottle  fitted  with  a  hollow  stopper 
is  used  (Fig.  25).  This  is  called  a  specific  gravity  bottle. 
The  hollow  stopper  is  provided  in  order  that  the  same 
amount  of  liquid  may  be  taken  every  time  the  bottle  is 
filled,  i.e.  the  capacity  of  the  bottle  does  not  vary  on 
account  of  a  loose  or  tight  cork,  etc.  Inorder  to  fill  the 
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bottle,  it  should    first  be  filled  to  the  brim,  and  after 
blowing  through   the   hollow  stopper  to  ensure  a  clear 
passage  of  air  the  stopper  is  slowly  inserted  in  the  neck 
so  that  the  liquid  rises  right  through  the 
stopper.     All  moisture  is  then   carefully 
wiped  off  the  outside  of  the  bottle.     The 
capacity  of  the  bottle  is  found  by  weigh- 
ing empty,  then  full  of  water,  and  the 
number  of  grams  of  water  contained  in 
the  bottle  represents  the  capacity  in  c.cs. 
The  bottle  is  then  filled  with  the  liquid 
of  which  the  density  is  required,  and  by 
subtracting    the   weight    of  the   empty 
bottle  the  weight  of  the  liquid  is   ob- 
tained.    Since  the  volume  of  the  liquid          -piG.  25. 
is  the  same  as  the  capacity  of  the  bottle 
previously  found,  the  density  of  the  liquid  can  be  found. 

mass  in  grams 

Density  of  the  liquid  =  —  —  —  z  grams  per  c.c. 

volume  in  c.cs. 

or, 

. ,     weight  of  liquid  filling  the  bottle 

Specific  gravity  of  liquid  =  -         —^  -p. 

weight  of  water  filling  the  bottle 

The  specific  gravity  is  an  abstract  value  and  therefore 
does  not  require  "grams  per  c.c."  written  after  it. 

To    Find   the    Density    of    Sand   or   of  a    Heavy 
Powder. 

EXERCISE  44. — The  specific  gravity  bottle  is  used  and  its 
capacity  in  c.cs.  is  found  as  in  the  last  experiment. 
The  bottle  is  emptied  and  dried,  about  half-filled  with 
the  dry  sand  and  the  weight  of  the  sand  found.  The 
bottle  is  now  filled  up  with  water  and  the  amount  of 
water  filling  up  the  bottle  is  determined  first  in  grams, 
and  then  in  c.cs.  By  subtracting  this  value  from  the 
capacity  of  the  bottle,  the  volume  of  the  sand  is  found. 

mass  in  grams 

Density  of  sand  =  —       — £-    —  =  x  grams  per  c.c. 
volume  in  c.cs. 

Write    down    the    weighings    for    this    experiment    as 
follows : — 
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Weight  of  bottle  full  of  water     ....  gms. 
Weight  of  bottle  empty       .         .         .         .         .gms. 

Weight  of  water  contained          ....  gms. 

A.  Capacity  of  bottle     ......  c.cs. 

Weight  of  bottle  half-full  of  sand        .         .         .  gms. 

Weight  of  bottle  empty      .....  gms. 

Weight  of  sand          ......  gms. 

Weight  of  bottle  +  sand  filled  up  with  water        .  gms. 

Weight  of  bottle  +  sand     .....  gms. 

Weight  of  water  y£///«£-  up  the  bottle      .         .         .  gms. 

B.  Volume  of  water  filling  up  the  bottle  .         .         .  c.cs. 
Volume  of  the  sand  (A  —  B)       .         .         .         .  c  cs. 

Density  of  sand 


c.cs. 

=  x  grams  per  c.c. 

Principle  of  Archimedes. 

It  is  a  well-known  fact  that  water  exerts  an 
upward  pressure  on  bodies  placed  in  it,  this  pressure 
being  often  called  the  buoyancy  of  the  water.  Thus 
it  is  possible  for  a  person  to  float  in  water,  the 
whole  of  that  person's  weight  being  supported  by 
the  buoyancy  of  the  water.  In  a  similar  manner 
a  balloon  filled  with  coal  gas  is  pushed  upward  by 
atmospheric  pressure,  and  floats  high  up  in  the  air. 

We  have  learned  previously  that  the  term  fluids 
includes  both  liquids  and  gases,  and  since  air  and 
water  are  the  most  common  fluids,  we  may  consider 
the  forces  acting  upon  a  body  when  immersed  in  a 
fluid  such  as  air  or  water. 

We  found  when  weighing  a  large  iron  nail 
in  air  and  then  in  water  that  there  was  a  loss 
of  weight  when  the  nail  was  weighed  in  water. 
[See  exercises  in  weighing,  Nos.  26  to  40.]  Archi- 
medes (250  B.C.)  found  that  this  loss  of  weight 
was  equal  to  the  weight  of  the  fluid  displaced,  and 
this  may  be  proved  by  the  bucket  and  cylinder 
experiment. 
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The  apparatus  used  is  shown  in  Fig.  26. 

The  cylinder  exactly  fits  the  bucket,  i.e.  the 
capacity  of  the  bucket  is  equal  to  the  volume  of 
the  cylinder. 

Both  bucket  and  cylinder  are  weighed  together 
in  air. 

The  cylinder  is  then  immersed  in  water  and 
a  loss  of  weight  is  observed.  Without  disturbing 
any  weights,  the  bucket  is  filled  with  water  and 
the  level  of  the  balance  is  restored. 


FIG.  26. 

The  Principle  of  Archimedes  may  now  be  stated 
as  follows : — 

If  a  solid  is  immersed  in  a  fluid,  it  loses  a  portion  of 
its  weight,  equal  to  the  weight  of  the  fluid  displaced. 

Since  a  solid  always  displaces  its  own  volume 
of  fluid,  we  have,  by  applying  this  principle,  a  ready 
means  of  comparing  the  weight  of  any  heavy  in- 
soluble solid  with  the  weight  of  an  equal  volume 
of  water. 

This  comparison  will  give  us  the  specific  gravity 
of  the  solid,  i.e.  its  density  relative  to  that  of  water. 

We  may  also  prove  that  this  principle  applies  to 
any  insoluble  solid  which  sinks  in  a  fluid,  e.g.  a 
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stone  of-a  potato,  by  using  the  apparatus  shown  in 
Fig.  27.  The  glass  bell  jar  is  filled 
with  water  to  the  level  of  the  out- 
flow pipe,  so  that  when  a  solid  is 
lowered  carefully  into  the  water,  // 
displaces  its  own  volume  of  wafer, 
which  overflows  into  the  beaker  be- 
low. The  spring  balance  shows  the 
weights  of  the  solid  a  in  air,  and  b 
in  water;  also  the  weights  of  the 
beaker  c  empty,  d  containing  the 
water  displaced  by  the  solid;  the 
beaker  being  suspended  by  thread 
for  weighing.  The  decrease  from  a 
to  b  is  found  to  be  the  same  as  the 
increase  from  c  to  d. 
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FIG.  27. 


To  Find  the  Specific  Gravity  of  a 
Metal. 

EXERCISE  45. — Take  any  solid  metal  ob- 
ject, e.g.  a  brass  knob,  an  iron  screw, 
a  copper  strip  or  small  coil  of  copper  wire,  a  leaden 
ball  or  weight,  and  by  means  of  thread  suspend  it  from 
the  hook  over  a  balance  pan,  to  swing  freely  above  a 
small  wooden  bridge  which  is  used  later  on  to  support  a 
small  beaker  of  water.  Weigh  the  metal  in  air  and  then 
in  water.  The  loss  of  weight  represents  the  weight  of 
water  displaced,  i.e.  the  weight  of  a  volume  of  water 
equal  to  the  volume  of  the  solid  metal  object. 
Enter  your  results  thus  : — 

A.  Weight  of  the  metal  in  air          .         .         .         .     gms. 
Weight  of  the  metal  in  water      .         .         .  •        .     gms. 

B.  Weight  of  the  water  displaced     ....     gms. 
Specific  gravity  of  the  metal 

_  weight  of  the  metal  in  air  A 

weight  of  an  equal  volume  of  water  B' 

To  Find  the  Specific  Gravity  of  Cork  or  Wood. 

EXERCISE  46. — Use  the  heavy  metal  object  of  the  last  ex- 
periment as  a  sinker.     Three  weighings  only  are  necessary. 
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Take  a  clean  cork  and  a  foot  length  of  cotton.  Weigh 
the  cork  and  cotton  in  air.  Suspend  the  sinker  in  water 
with  the  cotton  and  weigh  it  in  water,  leaving  a  loose  end  of 
cotton  about  3  inches  long  in  the  water.  Tie  the  cork 
to  the  metal  with  the  loose  cotton  and  weigh  both  to- 
gether in  water.  It  will  be  noticed  that  the  cork  and 
metal  together  weigh  less  immersed  in  water  than  the 
metal  alone  when  weighed  in  water,  or  in  other  words,  the 
cork  has  a  negative  or  minus  weight  in  water.  The  speci- 

-  weight  of  the  cork  in  air 

fie  gravity  of  cork  =  — — —  — . 

weight  of  an  equal  volume  of  water 

Enter  your  results  as  follows  : — 

A.  Weight  of  the  cork  in  air  .  .  gms. 

B.  Weight  of  the  sinker  in  water  .  .  =          gms. 

C.  Weight  of  cork  +  sinker  in  water  .  .  gms. 

A 

Specific  gravity  of  cork  — — . 

A  +  (B  —  C) 

B  -  C  is  the  negative  or  minus  weight  of  the  cork  in 
water  which,  added  on  to  its  weight  in  air,  gives  the  weight 
of  a  volume  of  water  equal  to  the  volume  of  the  cork. 


CHAPTER  VII 

SIMPLE  MACHINES  :  LEVERS,  THE  WHEEL  AND 
AXLE,  PULLEYS,  INCLINED  PLANE  AND 
WEDGE,  SCREWS,  THE  SCREW  GAUGE 

Levers. 

A  STIFF  rigid  rod  or  bar,  either  straight  or 
curved,  may  be  used  as  a  lever.  When  we 
use  a  lever  in  applying  force,  one  point  in  the  lever 
does  not  change  its  position  but  is  the  turning-point, 
pivot,  or  fulcrum. 

The  effort  applied  to  the  lever  overcomes  a  weight 
or  resistance  in  such  a  manner  that  the  turning 
effects  of  the  two  about  the  fulcrum  are  equal  and 
balance  each  other. 

In  the  common  balance  the  beam  is  a  simple  lever, 
and  the  weight  applied  in  one  pan  overcomes  the 
resistance  of  gravity  acting  upon  the  mass  to  be 
weighed  in  the  other. 

In  this  case  the  arms  of  the  balance  are  equal,  but 
a  balance  may  be  used  with  unequal  arms  like  the 
steelyard  (see  Fig.  28).  Here  a  sliding  weight  moves 
along  a  scale  and  does  duty  for  many  different 
weighings. 

Let  us  suppose  that  in  an  ordinary  weighing 
machine  with  a  sliding  weight  and  extra  slotted 
weights  for  large  quantities,  the  metal  scale  arm  is 
fourteen  times  as  long  as  the  arm  supporting  the 
foot-plate.  A  slotted  weight  of  i  Ib.  placed  on  the 
end  of  the  scale  arm  will  support  14  Ib.  or  one  stone 
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m  the  foot-plate.     A  sliding  weight  of  ^5  Ib.  or  a 

ittle   over  an    ounce   will   give   weighings  to    the 

learest  pound,  half  pound,  or  quarter  pound  if  the 

lie  is  divided    into   exact  fourteenths,  and   each 

[vision  again  subdivided  into  halves  and  quarters. 


FIG.  28. 

The  same  principle  as  that  of  the  steelyard  is  used 
on  ordinary  balances  having  a  wire  rider  and  gradu- 
ated beam,  in  order  to  determine  the  smallest  frac- 
tions of  a  gram. 

There  are  three  orders  or  classes  of  levers.  Sup- 
pose F  stands  for  effort  applied,  F  for  fulcrum  or 
turning-point,  W  for  weight  or  resistance  overcome. 


t: 


FIG.  29. 


If  we  arrange  these  letters  round  a  circle,  or  in 
cyclic  order,  keeping  the  same  direction  of  rotation, 
they  can  only  be  arranged  as  PFW,  FWP,  WPF, 
representing  the  first,  second,  and  third  orders  of 
levers.  Fig.  29  represents  levers  of  the  first,  second, 
and  third  classes  respectively. 

I  A  poker  raising  coals  through  fire-bars,  or  a  tin- 
>ener  in  use,  where  the  handle  goes  down  while 
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the  point  goes  up,  a  see-saw,  the  balance,  and  the 
steelyard  all  belong  to  the  first  order  in  which  the 
fulcrum  is  between  the  effort  applied  and  the  resistance. 
There  are  many  examples  of  a  pair  of  levers  of  this 
order,  e.g.  scissors,  pincers,  pruning  or  metal-cutting 
"snips,"  pliers,  etc. 

The  second  order,  where  the  weight  is  between  the 
fulcrum  and  the  effort  applied,  includes  the  wheel- 
barrow, an  oar  when  in  use  with  the  blade  in  the  water, 
a  lifting  action  tin-opener  in  use.  Double  levers 
of  the  second  order  include  nut-crackers,  a  pair  of 
bellows,  etc. 

The  third  order,  in  which  the  effort  applied  is  be- 
tween the  resistance  and  the  fulcrum,  is  well  illustrated 
by  the  human  forearm  when  a  weight  is  held  in  the 
palm  of  the  hand  and  the  forearm  moved  upwards, 
while  the  elbow  remains  stationary.  The  tendon 
which  joins  the  biceps  muscle  to  the  bone  just  below 
the  elbow-joint  can  be  felt  on  the  inside  of  the  arm, 
and  transmits  the  effort  applied.  The  action  of  the 
jaw  in  biting  is  similar.  Sugar-tongs,  spring  and 
ordinary  coal-tongs,  spring  shears  used  for  sheep- 
shearing  or  for  grass-cutting,  are  examples  of  double 
levers  of  the  third  order. 

EXERCISE  47. — Sketch  a  tin-opener  in  use,  or  give  a  simple 
drawing  of  a  tin-opener,  marking  upon  it  the  letters  E  for 
effort  applied,  F  for  turning-point  or  fulcrum,  W  for 
weight  or  resistance  overcome  at  the  corresponding  points. 

EXERCISE  48. — Sketch  a  wheelbarrow  in  use,  or  give  a 
simple  diagram  of  a  wheelbarrow  with  the  letters  E,  F,  W 
marked  in  their  correct  positions. 

EXERCISE  49. — Sketch  a  pair  of  sugar-tongs,  marking  the 
letters  E,  F,  W  opposite  the  right  positions ;  or  give  a 
simple  diagram  of  the  human  forearm,  wrist,  and  hand, 
with  a  weight  in  the  hand  and  the  biceps  tendon  properly 
inserted  and  marked  E  for  effort  applied,  F  to  be  at  the 
turning-point. 

EXERCISE  50. — Label  your  three  drawings  as  first,  second, 
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or  third  order  of  levers,  and  state  beneath  each  whether 
there  is  a  gain  of  power,  or  a  loss  of  power,  by  the  form 
of  leverage  in  question,  when  work  is  done  on  it. 

In  mechanics,  work  is  done  in  producing  motion 
against  a  resistance,  so  that  a  foot-pound  of  work 
means  raising  a  mass  of  i  Ib.  i  ft.  vertically  against 
the  resistance  of  the  earth's  gravitation. 

The  Wheel  and  Axle. 

The  crank  of  a  cycle  to  which  the  pedal  is  attached 
is  a  lever  of  the  second  order.  The  effort  applied 
follows  a  circular  movement  at  one  end  of  the  lever 
or  crank.  The  fulcrum  is  at  the  other  end,  while 
the  resistance  overcome,  transmitted  through  the 
chain  of  the  cycle,  acts  over  a  circle  of  smaller  radius 
than  the  length  of  the  crank. 

A  similar  circular  leverage  is  obtained  in  the 
windlass,  in  a  wringer 
or  mangle,  and  in  a  cap- 
stan. Fig.  30  illustrates 
a  wheel  and  axle,  the 
two  cords  being  wound 
in  opposite  directions  so 
that  one  is  wound  up  as 
the  other  is  unwound. 

If  two  cog-wheels  are 
of  similar  size  and  have 
the  same  number  of  teeth,  when  in  mesh  either 
directly  or  if  connected  by  a  chain  like  that  of  a  cycle, 
they  revolve  at  the  same  rate. 

If  one  has  24  teeth  and  the  other  has  8,  then 
the  smaller  revolves  three  times  more  rapidly  than 
the  larger. 

This  method  of  transforming  slow  forceful  motion 
into  quicker  but  less  powerful  movement,  or  vice 
versa,  is  known  as  gearing.  Compare  the  opposite 
methods  of  gearing  in  an  ordinary  bicycle  and  in  a 
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motor  cycle,  the  effect  in  the  former  being  to  increase 
the  number  of  revolutions  of  the  back  wheel  as  com- 
pared with  the  number  of  revolutions  of  the  pedals, 
while  in  the  latter  the  engine  pulley  or  driving- 
wheel  makes  a  great  many  revolutions  to  one  revolu- 
tion of  the  back-wheel. 

In  a  watch  or  clock,  a  spring  or  driving  weight 
pulls  a  cog-wheel  round,  which  through  a  train  of 
toothed  wheels  drives  the  hands  of  the  watch  or 
clock  round  at  the  proper  relative  speeds  for  seconds, 
minutes,  and  hours. 

In  an  ordinary  wringer  or  mangle,  it  will  be  ob- 
served that  the  wheel  to  which  the  handle  is  attached 
revolves  more  rapidly  than  the  lower  wooden  roller 
which  is  on  the  same  axle.  This  is  because  the  power 
is  transmitted  through  cog-wheels  which  serve  to 
reduce  the  driving  speed  but  increase  the  power.  Ob- 
serve also  that  while  the  roller  is  fixed  on  the  axle 
the  driving-wheel  is  not,  but  turns  on  the  same 
axle. 

A  similar  arrangement  enables  the  hour  and 
minute  hands  of  a  clock  to  move  at  different  rates, 
the  hour  hand  being  fixed  to  a  hollow  metal  tube  or 
sleeve  through  which  passes  the  axle  of  the  minute 
hand. 

In  an  electric  supply  meter  or  in  a  gas  meter,  a 
train  of  wheels  operates  small  hands  on  various  dials 
showing  the  amount  of  current  or  of  gas  consumed. 
The  setting  of  an  alarum  clock,  and  the  working  of 
a  cyclometer  depend  upon  a  metal  pin  which  at  one 
point  only  in  a  complete  revolution  releases  a  brake 
on  the  alarum  spring,  or  pushes  the  first  cog  of  the 
train  of  wheels  one  tooth  on. 

Gas  companies  provide  users  of  ordinary  meters 
with  a  card  on  which  a  quarterly  record  is  kept  of 
the  gas  burnt.  Full  directions  are  given  on  the  card 
how  to  check  the  meter  reading.  The  right-hand 
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dial  is  usually  marked  to  show  hundreds  of  cubic 
feet,  a  complete  revolution  of  the  pointer  on  this  dial 
registering  a  thousand  feet.  The  next  dial  is  marked 
in  thousands  of  cubic  feet,  one  revolution  registering 
ten  thousand  cubic  feet. 

We  are  now  in  a  position  to  understand  the  mean- 
ing of  the  term  machine.  Any  arrangement  or  con- 
trivance by  which  an  effort  applied  at  one  point  is  ex- 
erted at  another  under  different  conditions  of  direction 
or  of  magnitude  is  a  machine.  In  a  frictionless  ma- 
chine the  work  done  on  the  machine,  i.e.  the  effort  put 
into  it,  is  equal  to  the  work  done  by  the  machine,  i.e. 
the  force  exerted  by  the  machine;  and  this  state- 
ment is  known  as  the  Principle  of  Work.  The 
frictionless  machine  does  not  exist,  so  that  the 
r  ,.  work  done  by  the  machine 

efficiency^  a  machine  or  -^j^^Elhe  machine 
in  practice  is  always  less  than  unity,  i.e.  some  work 
is  always  lost  through  friction.  The  mechanical 
advantage  of  a  machine 

_  weight  or  resistance  overcome 
effort  applied  or  force  used 

The  lever  and  the  wheel  and  axle  are  examples  of 
simple  machines,  because  an  effort  applied  through 
a  lever  or  through  a  wheel  and  axle  at  one  point 
overcomes  a  resistance  which  differs  in  magnitude 
or  direction,  or  in  both,  acting  at  some  other  point. 
Other  examples  of  simple  machines  are  the  pulley, 
the  inclined  plane,  the  wedge,  the  screw. 

In  an  ordinary  pulley  such  as  that  of  a  sash-line 
or  of  a  blind  cord,  there  is  no  mechanical  advantage 
but  merely  change  of  direction  (Fig.  31).  The  case 
surrounding  the  pulley-wheel  is  called  the  block,  and 
in  a  fixed  pulley  such  as  we  have  just  mentioned  the 
block  does  not  move.  A  movable  pulley  is  one  in 
which  the  block  moves  when  the  pulley  is  in  use.  Fig. 
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32  shows  a  single  movable  pulley  in  use  with  one 
fixed  pulley.  This  arrangement  gives  a  mechanical 
advantage  of  2,  i.e.  only  half  the  weight  raised  is 
needed  as  the  lifting  force,  but  while  the  weight  is 
raised  i  foot  the  effort  applied  must  act  through  2  feet. 
Fig.  33  shows  a  movable  block  which  contains  three 
pulleys  connected  to  a  similar  fixed  block  with  three 
pulleys.  If  we  count  up  the  strings  between  the 
two  pulleys,  all  being  portions  of  the  one  long  string 
or  rope  which  goes  round  each  wheel  in  turn,  we 
find  6  portions.  An  effort  of  i  Ib.  weight  applied  at 


FIG.  31. 


FIG.  32. 


FIG.  33. 


the  free  end  of  the  rope  is  felt  equally  throughout 
the  rope,  so  that  each  of  the  6  portions  has  a  tension 
of  i  Ib.  The  mechanical  advantage  is  6,  because  a 
weight  of  i  Ib.  supports  6  Ib.  weight  attached  to  the 
hook  of  the  movable  block.  At  the  same  time  the  i 
Ib.  weight  must  act  through  a  distance  of  6  inches  in 
order  to  raise  the  6  Ib.  weight  through  i  inch. 

A  machine  which  combines  the  features  of  a  mov- 
able pulley  with  two  different  sized  fixed  pulleys 
above,  is  called  the  chain  hoist,  and  is  used  for  lift- 
ing heavy  machinery,  etc.  An  endless  chain  passes 
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nd  the  movable  pulley  and  over  each  of  the  fixed 
pulleys.  On  hauling  at  one  side  of  the  free  loop  of 
chain  which  hangs  down,  the  movable  pulley  can 
be  raised  at  a  very  slow  rate  but  with  very  great 
force.  Brakes  act  on  the  chain  links  and  automati- 
cally hold  the  chain  in  position  as  soon  as  the  lift- 
ing effort  is  removed. 

The  Inclined  Plane. 

An  ordinary  flight  of  steps,  stair-way,  or  ladder 
is  a  contrivance  or  machine  by  which  we  raise  our 
own  weight ;  and  in  the  simplest  form,  e.g.  a  sloping 
broad  plank  or  gangway,  communicating  between 
a  ship  or  boat  and  a  landing-stage,  is  called  an  in- 
clined plane.  It  is  a  matter  of  common  experience 
that  a  steep  slope  is  tiring  to  climb,  while  a  gentle 
slope  requires  far  less  effort.  When  cycling  up  a 
hill,  work  is  done  against  the  force  of  gravity  ;  on 
level  ground  no  work  is  done  against  the  force  of 
gravity  but  only  in  overcoming  friction  ;  while  in 
cycling  down  hill  no  work  or  effort  is  required  be- 
cause the  force  of  gravity  urges  the  cycle  and  rider 
down  hill,  and  as  a  rule  overcomes  both  friction 
and  wind  resistance. 

The  inclined  plane  therefore  is  a  contrivance 
which  assists  in  overcoming  the  force  of  gravity,  en- 
abling a  small  force  operating  over  a  long  slope  to 
raise  a  heavy  weight  to  a  vertical  height  that  would 
be  difficult  to  reach  by  any  other  method.  It  can 
be  proved  experimentally  that  the  mechanical  ad- 
vantage of  an  inclined  plane,  where  the  effort  applied 

length  of  slope 
acts  parallel  to  the  slope,  is  equal  to  vertical  height ' 

Heavy  barrels  are  often  drawn  up  or  let  down  along 
a  stout  inclined  ladder,  while  cliff  railways,  etc., 
make  use  of  the  inclined  plane. 


48  HOUSECRAFT  SCIENCE 

The  Wedge. 

A  chisel,  axe,  or  knife,  when  forced  into  wood  so 
as  to  split  the  fibres,  illustrates  the  wedge  or  double 
inclined  plane.  A  blow  from  a  hammer  on  the  end 
of  a  wedge  drives  the  wedge  into  the  wood  and 
separates  the  fibres  with  great  force.  The  wedge  is 
an  example  of  a  simple  machine  because  the  effort 
applied  is  transformed  into  a  more  powerful  force 
acting  through  a  lesser  distance,  e.g.  when  the 
wedge  is  driven  in  3  inches  perhaps  the  fibres 
are  only  separated  to  the  extent  of  quarter  of  an 
inch,  and  hence  a  large  mechanical  advantage  is 
obtained. 

The  Screw. 

The  screw  is  a  spiral  inclined  plane. 

EXERCISE  5 1. — Take  a  sheet  of  paper  and  cut  from  it  a  right- 
angled  triangle  having  a  base  about  six  times  as  long  as 
the  height.  Place  the  short  perpendicular  height  parallel 
to  a  round  ruler  and  roll  the  paper  round  the  ruler.  The 
hypotenuse  or  longest  side  of  the  right-angled  triangle  will 
form  a  spiral  curve  or  screw  round  the  ruler. 

The  perpendicular  distance  between  one  screw 
thread  and  the  next,  i.e.  the  distance  the  screw  ad- 
vances or  recedes  in  one  complete  turn,  is  called  the 
pitch  of  the  screw.  Examine  ordinary  carpenters' 
screws,  also  a  metal  screw  bolt,  and  note  that  screws 
used  in  wood  have  a  large  or  coarse  pitch,  while 
those  used  in  metal  have  a  small  or  fine  pitch. 
Nearly  all  screws  are  right-handed  or  advance  with 
a  clockwise  rotation.  A  hollow  cylinder  with  an 
internal  screw  thread  is  called  a  nut.  Gas  and  hot- 
water  pipe  fitters  bring  machine-made  nuts  and 
bends  with  them,  and  cut  and  thread  lengths  of  iron 
pipe  as  required.  The  mechanical  advantage  of  a 
screw  is  found  in  the  same  manner  as  that  of  the 
inclined  plane,  and  by  using  a  lever  to  turn  the 
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:rew  great  pressure  can  be  obtained.  A  wringer 
>r  mangle  is  fitted  with  one  or  more  screws  which 
»ut  great  pressure  on  the  rollers  by  compressing 
>r  flattening  very  powerful  springs.  These  screws 
should  always  be  raised  when  the  machine  is  not  in 
ise,  because  they  exert  great  pressure  on  the  rollers. 

copying  or  screw  press,  the  screw-jack  which  is 
ised  to  raise  a  railway  truck,  motor-car  body  or 
leavy  wagon  in  order  to  replace  a  wheel,  and  the 
)lacksmith's  vice  which  grasps  metal  tightly  while 
it  is  being  cut  or  filed,  are  further  illustrations  of 
lachines  having  screws. 

Other  important  applications  of  the  screw  are  seen 

the  propeller  of  an  aeroplane  or  of  a  steamship, 
md  in  ventilating  fans,  frequently  seen  in  shops  and 

public  buildings. 

ic  Micrometer  Screw  Gauge. 

This  instrument  is  used  for  measuring  the  thick- 
icss  of  sheet  metal,  wire,  etc.,  and  consists  of  a  screw 
of  i   mm.  pitch  which  can  be  screwed  up  until  it 
touches  the  flat  end  of  a  fixed  screw.     The  small 


FIG.  34. 

)bject  to  be  measured  is  placed  between  the  fixed 
md  movable  screws,  and  the  handle  screwed  round 
until  the  object  is  just  grasped.  Markings  on  the 
handle  of  the  screw  enable  readings  to  be  taken  re- 
presenting Ttfu  of  a  complete  turn,  i.e.  T£TJ  of  a  milli- 
metre, a  degree  of  accuracy  which  falls  within  -y^W  of 
an  inch  (Fig.  34). 
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EXERCISE  52. — Measure  the  thickness  of  a  wire  nail  or  of  a 
copper  wire  with  the  micrometer  screw  gauge.  The  gauge 
should  not  be  screwed  up  tightly  but  only  sufficiently  to 
grasp  the  object  lightly,  and  before  placing  the  object  be- 
tween the  jaws  the  reading  should  be  taken  when  the  faces 
of  the  two  screws  are  touching,  because,  often,  owing  to 
wear  or  over-screwing,  the  actual  zero  when  the  jaws  touch 
is  not  true  o,  and  must  be  taken  into  account  in  finding 
the  correct  measurement. 

EXERCISE  53. — Measure  and  compare  the  thicknesses  of 
several  coins,  e.g.  halfpenny,  penny,  shilling,  etc. 


CHAPTER  VIII 
FRICTION 

ON  a  perfectly  horizontal  and  smooth  surface, 
such  as  a  large  sheet  of  clean  ice,  a  body  once 
set  in  motion  continues  to  move  or  slide  in  a 
straight  line  for  a  very  considerable  distance. 

There  is  so  little  friction  on  ice  that  skating  and 
sliding  are  possible,  while  slipping  is  so  easy  that 
it  is  difficult  to  walk  with  smooth  soles. 

Other  surfaces,  e.g.  a  wooden  floor,  linoleum,  car- 
pet, the  roadway,  are  far  less  slippery,  i.e.  there  is 
more  friction  between  them  and  the  sole  of  the 
boot.  However,  a  polished  linoleum  or  wood  floor, 
or  a  muddy  pathway,  may  be  sufficiently  slippery  to 
cause  a  fall. 

Friction  is  the  force  which  retards  motion  and 
produces  most  of  the  "  wear  and  tear  "  of  substances 
and  fabrics.  A  polishing  cloth  soon  wears  into  a 
hole,  brake-blocks  and  boot  soles  need  replacing 
from  time  to  time,  and  though  a  well-oiled  steel 
bearing  lasts  a  long  time,  yet  in  process  of  time  the 
operation  of  friction  wears  it  out. 

EXERCISE  54. — Lay  a  cast-iron  weight  with  a  ring  upon  its 
side  on  a  horizontal  bench  top,  and  passing  the  hook  of  a 
spring  balance  through  the  ring,  steadily  drag  the  weight 
along  horizontally  without  attempting  to  lift  it  at  all. 

After  the  weight  has  begun  to  move,  the  spring  balance  will 
show  the  force  required  to  overcome  the  friction  acting 
between  the  weight  and  the  bench  top. 
51 


52  HOUSECRAFT  SCIENCE 

EXERCISE  55. — Scatter  a  little  sand  on  the  bench  top  and 
repeat.  The  friction  is  now  greater  than  before.  Care- 
fully remove  all  the  sand  by  a  duster  and  rub  on  some 
wax  polish  or  a  little  linseed  oil  and  repeat  the  experiment. 
The  friction  is  now  less  than  it  was  on  the  unpolished 
bench  top. 

EXERCISE  56. — Place  a  number  of  short  lengths  of  glass 
tubing,  all  cut  from  the  same  length  of  tubing,  beneath  the 
weight,  and  note  that  rolling  friction  is  less  than  sliding 
friction.  This  is  because  as  a  wheel  rolls,  it  lifts  the  pro- 
jections on  its  rim  over  those  of  the  surface  upon  which  it 
travels,  but  in  sliding  the  projections  of  both  surfaces  rub 
against  each  other. 

Substances  which  fill  up  the  unevenness  or 
roughness  of  a  surface,  e.g.  oil  or  black-lead,  are 
called  lubricants,  and  lessen  friction  considerably. 
The  opposite  effect  was  seen  when  sand  was  used, 
and  sand  pipes  are  fitted  to  electric  cars  in  order 
to  scatter  sand  immediately  under  the  wheels  on 
the  smooth  rails,  when  it  is  necessary  to  apply  the 
brakes  and  stop  the  car  suddenly. 

We  shall  now  consider  the  application  of  lubri- 
cants and  anti-lubricants  in  common  instances. 

Use  of  Lubricants. 

All  moving  metal  parts  of  machinery  require  oil 
or  black-lead.  Too  much  oil  should  not  be  used,  as 
it  leaks  out  and  makes  a  mess.  A  small  feather 
with  part  of  the  plume  cut  off  on  both  sides  of  the 
shaft  or  quill,  is  a  good  means  of  applying  oil  to  a 
sewing-machine,  stiff  lock,  gate,  bolt,  or  door-hinge. 
A  mixture  of  black-lead  and  oil  about  the  consis- 
tency of  paint  is  a  very  good  lubricant  for  an  outside 
bolt,  gate,  or  for  a  cycle-chain,  because  black-lead 
resists  rusting,  and  does  not  collect  dust  like  a  wet 
lubricant.  In  oiling  the  hinge  of  a  door  it  is  a  good 
plan  nearly  to  shut  the  door  on  a  wedge  placed  on 
the  floor  almost  below  the  hinges.  This  lifts  the 
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loor  slightly  and  enables  an  oiled  feather  to  intro- 
duce oil  between  the  parts  of  the  hinge.     Any  ex- 
of  oil  should  be  carefully  wiped  off  with  a  clean 
>iece  of  rag.     French  chalk  or  boracic  acid  powder 
ire  both  dry  greasy  powders,  useful  for  placing  be- 
tween inner  tube  and  outer  cover  of  a  cycle  or  for 
lubricating  a  stifif  wooden  drawer.     Casters  beneath 
heavy  furniture,  and  also  sash-line  pulleys,  should 
be  oiled  occasionally,  by  means  of  an  oiled  feather. 

Use  of  Anti-lubricants. 

During  a  spell  of  severe  frost,  a  little  sand  should 
be  scattered  over  smooth,  tiled  outdoor  paths,  as  a 
thin  layer  of  ice  over  tiles  makes  a  slippery  and 
dangerous  surface. 

A  resin  or  hardened  gum  is  rubbed  upon  the 
horsehair  bow  of  a  violin  to  increase  the  friction, 
and  smooth  wooden  pegs  in  a  musical  instrument 
become  less  likely  to  slip  if  treated  with  resin. 

In  unscrewing  a  fountain  pen,  a  rubber  band  held 
between  finger  and  thumb  assists  in  gripping  the 
nib  section  firmly.  Rubber  covers,  or  layers  of 
twine  or  wash  leather,  similarly  afford  a  firm  grasp 
of  a  bat  or  racquet. 

Care  of  Common  Domestic  Machines. 

It  should  be  remembered  that  machinery  requires 
protecting  against  friction  and  also  against  rust. 
Paraffin  oil  is  too  thin  for  a  lubricant,  for  being  light 
and  mobile,  it  speedily  drains  away  from  the  wear- 
ing surfaces.  This  makes  it  suitable  for  cleaning 
clogged  bearings  from  greasy  dirt,  but  after  drying 
ofif  the  excess  of  paraffin,  proper  lubricating  oil  should 
always  be  used.  Linseed  and  olive  oil  are  unsuit- 
able because  they  dry  up  and  clog  the  bearing,  though 
they  are  useful  for  softening  leather  straps,  etc. 

A  wringer  or  mangle,  sewing-machine,  lawn- 
mower,  cycle,  should  have  the  bearings  regularly 
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oiled  with  good  lubricating  oil.  Vaseline  is  a  good 
lubricant  for  cog-wheels,  cycle-chains,  etc.,  and  pre- 
serves the  cutting  knives  of  a  lawn-mower  from 
rust.  When  a  cycle  is  put  away  for  winter,  or  any 
bright  steel-ware,  such  as  knives,  a  film  of  vaseline 
rubbed  on  the  bright  parts  will  prevent  rust. 

Only  enough  lubricant  should  be  used  to  make  an 
oil  film,  and  not  enough  to  run  out  or  spill  over.  It 
is  particularly  desirable  not  to  have  excess  of  oil  run- 
ning out  of  a  sewing-machine,  and  in  order  to  avoid 
this  the  following  method  of  lubricating  is  a  good  one. 
Place  a  penny  tin  of  vaseline  on  the  stove  to  melt 
the  vaseline,  and  after  clearing  out  the  oil-holes  of 
the  machine  with  clean  match  sticks,  oil  the  bearings 
with  melted  vaseline  dropped  in  by  the  aid  of  a 
match  stick  or  a  cut  feather.  On  cooling,  the  vase- 
line being  semi-solid,  is  not  likely  to  run  out  of  the 
bearings.  Mutton  fat  might  also  be  used. 

Nails  and  Screws. 

These  are  held  tightly  in  wood  by  friction,  and 
since  their  insertion  wedges  the  wood  fibres  apart, 
and  is  liable  to  produce  splitting,  a  hole  should 
always  be  bored  first  by  a  bradawl.  Screws  are 
easier  to  insert  and  to  withdraw  than  nails,  and 
should  be  greased  with  vaseline  before  being 
screwed  into  the  wood.  Screw  eyes  are  very  use- 
ful, as  they  can  be  inserted  or  withdrawn  with  the 
fingers  after  previously  boring  a  hole.  They  can 
be  used  to  attach  picture-cord  to  pictures,  to  fasten 
a  cord  or  light  rope  to  woodwork,  and  to  support 
wooden  shelves  for  books,  especially  where  the 
height  of  the  shelf  may  have  to  be  changed  to  suit 
the  size  of  the  books.  If  two  strong  screw  eyes  are 
fixed  in  the  upper  half  of  a  sash  window  frame  in- 
side, so  that  they  can  be  used  in  opening  the  window, 
they  prevent  accidents  and  breakage  due  to  broken 
sash  lines,  and  safeguard  from  burglarious  entry. 


CHAPTER  IX 
MEASURING  FORCES 

FORCE  suggests  the  idea  of  movement  or  of  ar- 
resting movement.  We  use  muscular  force  in 
order  to  open  or  close  a  door  or  window,  to  propel 
a  cycle,  or  to  strike,  or  stop,  a  hockey  ball.  Simi- 
larly we  use  the  words  effort  or  power  in  a  general 
way,  with  the  same  meaning  as  force,  so  that  steam- 
power,  water-power,  conveys  the  idea  of  forceful 
movement.  Force  is  that  which  changes,  or  tends 
to  change,  the  state  of  rest,  or  the  state  of  uniform 
motion  of  a  body.  The  application  of  force  does 
not  always  produce  the  desired  result ;  e.g.  one  may 
fail  to  open  a  window  against  considerable  friction 
even  though  a  good  deal  of  force  be  used.  In  this 
case  the  force  used  tends  to  open  the  window  and 
would  undoubtedly  do  so,  but  for  the  fact  that  it  is 
opposed  by  a  greater  force,  and  so  prevented  from 
producing  motion.  In  catching  a  cricket  ball  con- 
siderable force  has  to  be  used  to  bring  the  body  to 
rest  if  it  is  moving  rapidly. 

It  is  very  convenient  to  represent  a  force  by  a 
straight  line,  because  the  length  of  the  line  can  ex- 
press the  magnitude  or  strength  of  the  force ;  the 
slope  of  the  line,  the  direction  in  which  the  force  acts, 
and  the  starting-point  of  the  line  drawn,  the  point  of 
application  of  the  force. 

The  force  of  gravity,  or  the  attractive  force  of  the 
earth  acting  upon  a  body,  enables  us  to  express  the 

55 


56  HOUSECRAFT  SCIENCE 

magnitude  of  a  force  as  so  many  pounds  weight  or 
grams  weight,  so  that  the  gravitational  unit  of  force 
is  a  pound  weight,  or  a  gram  weight,  according  to 
whether  we  use  British  or  metric  units. 

EXERCISE  57. — Suspend  a  metre  scale  from  two  spring 
balances  so  that  the  scale  is  supported  horizontally  from 
the  balance  hooks  fastened  to  each  end  of  the  scale. 
Hang  masses  of  100  gms.,  50  gms.,  20  gms.  at  various 
points  along  the  scale  and  observe  that  as  the  weights  are 
increased,  the  same  increase  is  shown  as  a  total  on  the 
spring  balances,  but  the  load  is  not  equally  shared  be- 
tween the  spring  balances. 

EXERCISE  58. — Pass  the  ash  map-pole  through  the  ring  of 
a  14  Ib.  weight,  hold  one  end  of  the  pole  and  get  your 
friend  to  hold  the  other  end,  keeping  the  pole  horizon- 
tal. Shift  the  position  of  the  weight  several  times  and 
it  will  be  found  that  the  weight  is  only  shared  equally 
when  it  is  at  an  equal  distance  from  both  points  of  sup- 
port. If  nearer  one  support,  that  support  bears  a  larger 
portion  of  the  weight. 

The  Moment  of  a  Force  measures  the  turning  ef- 
fect of  the  force  with  regard  to  a  certain  point.  In 
raising  a  trap-door  or  in  opening  the  hinged  lid  of  a 
large  wooden  box  or  travelling  trunk,  the  best  posi- 
tion to  apply  the  lifting  force  is  as  far  away  from 
the  hinge  as  the  lid  permits. 

EXERCISE  59. — Suspend  a  metre  scale  by  a  wire  loop  from 
its  centre  or  in  a  pivoted  wooden  stirrup  so  that  it  hangs 
horizontally.  Hang  a  100  gm.  weight  at  a  distance  of  20 
cms.  from  the  centre.  Fasten  on  a  50  gm.  weight  at  40 
cms.  from  the  centre  on  the  other  side  to  balance  the  100 
gm.  weight.  It  will  be  seen  that  each  weight  has  an  equal 
and  opposite  turning  effect  about  the  central  point  of 
support  (Fig.  35). 

From  this  experiment  we  see  that  the  moment  of 
a  force  about  a  point,  i.e.  the  turning  effect  of  the 
force  at  that  point,  is  the  product  of  the  force  and 
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the  perpendicular  distance  of  the  point  from  the 
line  of  action  of  the  force.  Thus  100  gms.  weight 
acting  at  a  perpendicular  distance  of  20  cms.  from  the 
turning-point  has  the  same  turning  effect  as  50  gms. 
weight  acting  at  a  perpendicular  distance  of  40  cms. 
from  the  turning-point ;  because  these  two  different 
forces  at  different  distances  from  the  turning-point 
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FIG.  35. 

have  equal  and  opposite  effects.  Of  course  the 
heavier  weight  only  moves  through  half  the  dis- 
tance in  producing  the  same  turning  effect  as  the 
lighter  weight.  As  in  the  case  of  the  simple 
machines  described  in  chapter  vii.,  a  small  force  act- 
ing through  a  greater  distance  balances  a  large 
force  acting  through  a  smaller  distance. 

EXERCISE  60. — Using  the  same  scale  and  weights  as  in  the 
previous  exercise,  hang  the  scale  by  a  wire  loop  from 
its  centre  to  the  hook  of  a  spring  balance.  Note  the 
weight  of  the  wooden  scale,  without  the  weights. 

If  the  scale  balances  horizontally  about  its  centre, 
we  may  represent  a  number  of  parallel  forces  acting 
vertically  downwards  from  each  particle  of  wood  in 
the  scale  having  its  own  weight.  But  the  moments 
of  the  parallel  forces  acting  on  one  side  of  the  wire 
loop  are  balanced  by  the  moments  of  the  parallel 
forces  acting  on  the  other  side  of  the  loop.  We 
may  therefore  suppose  the  point  of  support  in  this 
case  to  be  vertically  above  the  point  where  the  whole 
weight  of  the  body  may  be  supposed  to  act.  This 
latter  point  is  called  the  Centre  of  Gravity. 
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EXERCISE  61. — Place  the  100  gms.  weight  and  the  50  gms. 
weight  at  the  same  distances  from  the  centre  as  before,  and 
note  that  the  centre  of  gravity  remains  below  the  point  of 
support,  because  the  moments  of  the  forces  acting  on  either 
side  of  this  point  are  equal  and  opposite.  Note  also  that 
the  spring  balance  indicates  an  increase  of  150  gms.  down- 
wards. 

To  Find  the  Centre  of  Gravity  of  a  Metal  Plate  or 
of  a  Piece  of  Cardboard. 

EXERCISE  62. — Suspend  the  cardboard  or  plate  from  any 
point  near  the  edge,  first  making  a  small  hole  through 
which  to  pass  a  thread.  Holding  the  edge  of  a  half- 
metre  scale  against  the  thread  support,  which 
should  be  several  inches  long  and  forms  a 
plumb-line  or  vertical  line,  continue  the  line 
of  the  supporting  thread  across  the  plate  by 
drawing  a  vertical  lead  pencil  line,  or  a  small N 
weight  or  lead  bob  L  may  be  hung  on  a 
thread  as  a  plumb-line.  Repeat  the  process 
using  another  point  of  support,  and  where  the 
two  vertical  lines  cross  each  other  is  the  centre 
of  gravity  G  (Fig.  36).  Test  this  by  experi- 
(  L  ment,  balancing  the  plate  or  card  upon  the 

FIG.  36.  point  of  a  pencil  touching  the  point  found  as 

the  centre  of  gravity.     It  will  be  found  that 
the  card  or  plate  balances  about  this  point. 

The  centre  of  gravity  is  that  point  at  which   the 
whole  weight  of  the  body  may  be  supposed  to  act. 

EXERCISES  63  to  76. — Find  by  similar  methods  to  those  of 
the  last  experiment  the  centre  of  gravity  of  each  of  the 
following  figures  cut  from  cardboard  or  stiff  paper  : — 

(a)  Triangle.     C.G.  is  on  the  line  joining  the  mid  point  of 
any  side  to  the  opposite  angle,  J  along  this  line  from  the 
side. 

(b)  Parallelogram,   rhombus,    rectangle,    square.       C.G.    of 
each  of  these  is  at  the  intersection  of  the  diagonals. 

(c)  Circle.     C.G.  is  at  the  centre. 

(d)  Ellipse.     C.G.  is  at  intersection  of  major  and  minor  axes. 
By  using  a  fine  pin  and  soft  wooden  models,  forcing  the  pin 
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into  the  wood,  and  suspending  by  cotton  from  the  pin,  the 

following  centres  of  gravity  may  be  checked  for  various 

solids : — 
(e)  Rectangular  block,   cube,   sphere.     C.G.    of  each  is  at 

the  centre. 
(/)  Cylinder  or  right  prism.     C.G.  is  at  middle  point  of 

central  axis. 
(g)  Pyramid  or  cone.     C.G.  is  J  distance  along  line  joining 

vertex  to  centre  of  base. 
Plasticine,  clay,  or  potato  models  may  be  used,  and  the  line 

of  suspension  continued  vertically  through  the  solid  by  a 

long  pin.     The  intersection  of  two  suspension  lines  can 

be  found  by  slicing,  and  this  is  the  centre  of  gravity  of 

the  solid. 

Familiar  Applications  of  the  Centre  of  Gravity. 

From  our  previous  observations  we  see  that  the 
point  of  support  for  any  body  must  be  either  verti- 
cally above  or  below  its  centre  of  gravity,  otherwise 
the  body  will  swing  or  topple. 

The  centre  of  gravity  of  a  lifeboat  is  near  the 
centre  of  the  heavy  keel,  so  that  if  the  boat  is  over- 
turned by  a  wave  it  rights  itself;  in  other  words,  it 
is  compelled  to  float  right  side  up.  Large  airtight 
chambers  at  either  end  make  it  so  buoyant  that  the 
floor  level  where  the  men  sit,  is  above  the  water  level 
outside  the  boat,  and  open  pipes  continually  carry 
away  any  water  that  splashes  in.  A  motor  bus  or 
an  electric  tramcar  has  its  heavy  framing  and 
machinery  placed  as  low  as  possible  in  order  that 
the  centre  of  gravity,  even  when  the  top  is  full  of 
passengers,  may  not  rise  much  above  the  wheels. 
This  ensures  stable  or  safe  equilibrium.  A  wag- 
onette with  its  passengers  and  chief  weight  above 
the  wheels  is  far  more  unstable  than  a  motor  bus, 
and  much  more  likely  to  upset  A  person  riding  a 
cycle  is  in  a  position  of  unstable  equilibrium,  and 
cannot  sway  from  side  to  side  without  upsetting. 
This  is  because  the  centre  of  gravity  of  the  person 
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and  machine  together  must  be  vertically  over  a 
broad  line  drawn  from  front  to  back  tyre,  as  other- 
wise side-slip  occurs.  It  is  dangerous  to  stand  up  in 
a  small  boat  for  the  same  reason,  as  in  a  narrow 
boat  it  is  quite  easy  to  "  side-slip  ".  A  punt  or  a 
sea-going  row-boat  is  built  much  broader  in  order 
to  .avoid  risk  of  upsetting  sideways,  and  there  is 
little  danger  of  such  a  boat  being  upset,  though  it  is 
quite  likely  that  a  person  standing  up  in  it  may  be 
jerked  over  the  side.  Vases  and  tumblers  have 
broad  or  heavy  bases,  in  order  to  lessen  the  risk  of 
overturning  them. 


CHAPTER  X 


MEASURING  TIME 

ie  Pendulum. 

SIMPLE  pendulum  consists  of  a  small  heavy 
weight  suspended  by  a  light  strong  thread 
>m  a  fixed  support  (Fig.  37). 

EXERCISE  78, — Suspend  a  small  lead  bob  by  thread  from  the 

clamp  of  a  retort  stand,  placing  two  small  flat  pieces  of 

wood  between  the  jaws  of 

the  clamp  to  grip  the  thread 

firmly.      The   lower  edges 

of  the  pieces  of  wood  should 

be  level,  and  the  length  of 

the   pendulum    should   be 

measured   from   this  point 

where  the  thread  is  gripped 

to   the  centre  of  the   lead 

bob.     The  amplitude  is  the 

distance  through  which  the 

pendulum  swings  measured 

from  the  vertical  or  place  of 

rest. 
Verify  by  experiment  that  the 

amplitude  of  the  swing  does 

not  affect  the  time  of  the 

swing,  also  that  pendulums 

having  the  same  length  but 

with  bobs  of  different  ma- 


FIG.  37. 


terial  are  found  to  beat  at  the  same  rate. 

The  time  taken  for  one  complete  swing,  i.e.  from  the 
starting-point  across  to  the  other  side  and  back  to 

61 


62 


HOUSECRAFT  SCIENCE 


the  starting-point  again,  is  called  the  periodic  time  of 
the  pendulum.  Observe  that  a  short  pendulum 
swings  more  rapidly  than  a  long  one;  and  then,  vary- 
ing the  length  of  your  pendulum,  as  indicated  in  the 
following  table,  prove  for  yourself  that  the  periodic 
time  is  directly  proportional  to  the  square  root  of  the 
length. 

It  is  best  for  some  one  to  hold  a  watch  which 
marks  seconds,  or,  if  possible  a  stop  watch  or  chrono- 
meter which  registers  fifths  of  seconds.  The  signal 
"  Ready,  go!"  should  be  given  finishing  with  "Time, 
up  !  "  so  that  the  interval  between  go  and  up  is  as 
nearly  as  possible  exactly  60  seconds.  The  number 
of  oscillations  in  60  seconds  can  then  be  entered  in 
the  second  column.  The  periodic  time  is  found  by 
dividing  the  number  of  oscillations  into  60  seconds. 


Length  of 
Pendulum  in 
Centimetres. 

No.  of  Os- 
cillations 
in  60 
Seconds. 

Periodic  Time 
in  Seconds. 

Square  Root 
of  Length 
in  cms. 

Periodic  Time 

si  Length 

IOO 

3° 

2 

10 

•20 

81 

32 

•8  1 

9 

'2O 

64 

37 

'57 

8 

•I9 

49 

42 

'43 

7 

•20 

36 

5° 

'2 

6 

'2O 

25 

60 

•o 

5 

•20 

16 

73 

^3 

4 

•20 

Note  that  the  pendulum  100  cms.  long  being  four 
times  that  25  cms.  long,  beats  twice  as  slowly;  also 
that  the  results  in  the  last  column  agree  very 
closely. 

What  is  commonly  called  the  seconds-pendulum 
is  one  that  has  a  periodic  time  of  two  seconds,  and 
therefore  takes  one  second  in  swinging  from  side  to 
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side.  Such  a  pendulum  regulates  the  works  of  a 
"grandfather"  clock.  A  pendulum  which  beats 
twice  in  a  second,  or  has  a  periodic  time  of  one 
second,  is  often  used  on  mantelpiece  clocks.  Com- 
pare the  lengths  of  a  seconds  and  half  seconds- 
pendulum  with  the  100  cms.  and  25  cms.  pendulums 
given  in  the  table  above. 

The  seconds-pendulum  is  approximately  a  metre 
long. 

In  regulating  a  clock  having  a  pendulum,  the 
pendulum  must  be  shortened  to  make  the  clock  go 
faster,  and  lengthened  to  make  it  go  slower.  A 
small  nut  at  the  lower  end  of  the  pendulum  rod 
allows  for  such  regulation  to  be  made. 

If  it  were  not  for  the  spring  of  a  clock  or  the 
descending  weights  which  drive  the  hands  round, 
after  a  time  the  pendulum  would  stop  swinging  as 
it  does  when  the  weight  of  the  clock  has  "run 
down  ".  We  use  the  same  term  to  describe  the 
condition  of  any  clock  which  requires  winding, 
whether  it  works  by  a  spring  or  by  weights.  In 
many  clocks,  and  in  all  watches,  the  pendulum  is 
replaced  by  a  balance-wheel,  which  continually 
reverses  its  movement,  being  controlled  by  a  fine 
or  "  hair "  spring  which  coils  and  uncoils  as  the 
balance-wheel  revolves  first  one  way  and  then  the 
other. 

» Attached  to  this  balance-wheel  or  to  the  upper 
d  of  the  pendulum  rod,  two  metal  teeth  or  "pal- 
s,"  some  distance  apart,  come   in   contact   with 
toothed   wheel  called    the   escapement-wheel  of 
the  clock  or  watch  (Fig.  38).     This  is  because  the 
rocking  motion  of  the  two  pallets  only  allows  the 
cog-wheel  to  escape  or  pass  them  one  cog  at  a  time, 
and  the  regular  tick-tack  of  a  clock  is  due  to  the 
escapement  cogs  striking  first  one  pallet  and  then 
the  other. 
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The  slight  shock  or  push  at  every  tick,  communi- 
cated through  the  train  of  wheels  from  the  main- 
spring or  descending  weight,  keeps 
the  pendulum  or  balance-wheel  on 
the  swing,  as  long  as  the  clock  is 
not  run  down. 

The  striking  of  a  clock  or  of  an 
alarum  has   a   separate    spring   or 
weight,    and   train   of  cog-wheels. 
FIG    -?8  A  "snail"  or  comma-shaped  piece 

of  metal  or  a  spiral,  like  one  turn 
of  a  screw  thread,  regulates  the  number  of  hours 
struck  on  the  gong,  or  the  precise  moment  at  which 
the  alarum  sounds.  The  hands  of  a  striking  clock 
or  of  an  alarum  clock  should  never  be  turned  back- 
wards, as  there  is  considerable  risk  of  injury  to  the 
striking  control.  Note  the  saw-like  teeth  and  small 
catch  which  together  ensure  that  a  clock  can  only 
be  wound  one  way. 

The  mechanism  of  the  striking  part  of  a  clock 
is  similar,  in  that  it  only  operates  during  the 
ordinary  clockwise  rotation,  and  not  with  a  back- 
ward movement.  It  does  not  injure  a  clock  to 
set  the  hands  with  a  clockwise  movement,  though 
it  throws  some  strain  on  the  works,  because  an 
axle  which  works  stiffly  inside  a  metal  sleeve  must 
be  moved  and  friction  overcome. 


CHAPTER  XI 
LIQUID  PRESSURE 

IT  is  a  well-known  fact  that  pressure  applied 
to  a  liquid  is  exerted  equally  in  all  directions. 
Water  forced  through  a  hose-pipe  will  come  out 
forcibly  at  the  other  end/but  will  also  be  forced  out 
through  any  leaks  in  the  pipe  wherever  they  may 
be.  Since  there  is  so  little  cohesion  between  water 
particles,  they  readily  roll  over  one  another,  and 
hence  water  at  rest  always  has  a  level  surface,  all 
hollows  in  the  surface  having  been  filled  by  the 
particles  moving  downwards  under  the  force  of 
gravity,  and  so  distributing  themselves  evenly. 

EXERCISE  79. — Take  6  inches  of  soft  rubber  tubing  used 
for  connecting  small  glass  tubing.  Tie  one  end  up 
tightly  with  strong  thread  and  stretch  the  other  end 
over  the  water  tap.  Allow  water  to  enter  and  distend 
the  tubing  to  about  six  times  its  usual  diameter.  Tie 
the  upper  end  tightly  and  remove  from  the  tap.  If  the 
water  tap  cannot  be  directly  connected  with  the  tubing, 
sufficient  pressure  may  be  obtained  by  attaching  a  funnel 
to  a  long  length  of  rubber  tubing  and  only  tying  off  the 
lower  6  inches,  or  a  long  length  of  glass  tubing  may  be 
used,  held  vertically  and  connected  to  the  funnel  and  the 
6  inches  of  rubber  tube.  Place  the  rubber  "  sausage  " 
in  the  sink,  press  it  between  the  fingers  and  note  the  uni- 
form resistance,  then  rapidly  prick  several  holes  with  a 
pin  near  one  end,  and  holding  it  up  by  the  other  observe 
how  water  is  forced  out  equally  in  all  directions  proving 
that  pressure  applied  to  a  liquid  is  transmitted  equally  in 
every  direction. 
5  65 
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To  Make  a  Spirit  Level. 

EXERCISE  80. — Take  a  piece  of  glass  tubing  4  inches 
long  and  warm  the  centre  in  a  bunsen  flame  by  rapidly 
rotating  the  ends  between  fingers  and  thumbs.  When 
the  centre  is  nearly  red  hot  bend  the  glass  very  slightly. 
Allow  to  cool  and  then  seal  one  end  by  heating  it  strongly. 
After  cooling,  fill  the  tube  almost  full  with  coloured 
alcohol  or  methylated  spirit,  and  close  the  open  end 
with  a  suitable  well-softened  cork  boring  which  fits  tightly. 
Take  a  small  flat  piece  of  wood,  an  old  flat  ruler  will  do, 


FIG.  39. 

and  fasten  the  tube  at  each  end  on  to  the  wood  by  seal- 
ing wax  or  by  gluing  on  pieces  of  cork  previously  cut  to 
fit  the  tube  so  that  the  curve  in  the  glass  stands  up  in  the 
centre,  as  in  Fig.  39.  This  will  act  as  a  spirit  level,  since 
the  air  bubble  left  in  will  rest  at  the  highest  part  of  the 
curve  when  the  instrument  is  placed  on  a  level  surface. 
Why  is  spirit  better  than  water  or  glycerine,  and  why  is  a 
camera  fitted  with  a  spirit  level  ? 

Reservoirs  and  Water  Supply. 

A  lofty  situation  is  chosen  where  possible  lor  a 
reservoir.  Many  of  the  Welsh  mountain  lakes  are 
used  to  supply  water  to  towns  at  great  distances, 
and  where  it  is  impossible  to  secure  a  natural 
reservoir  at  a  hundred  feet  or  more  above  sea  level, 
a  water  tower  has  to  be  built  and  the  water  is 
pumped  into  a  large  cistern  at  the  top  of  the  tower 
so  that  the  pressure  obtained  in  this  way  may  drive 
the  water  through  the  water  mains  and  up  through 
the  pipes  into  the  houses  where  the  water  is  used. 
Hydraulic  pressure  is  frequently  obtained  in  this 
way,  e.g.  the  lofty  towers  of  the  Tower  Bridge  have 
water  cisterns  which  are  kept  full  by  pumps,  and 
the  pressure  so  obtained  operates  the  powerful 
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machinery  which  raises  and  lowers  the  bascules  or 
drawbridges.  Hydraulic  lifts  are  worked  similarly. 
Fountains,  like  those  of  the  Crystal  Palace,  are 
worked  by  water  towers  or  lofty  tanks,  and  water 
released  from  a  jet  many  feet  below  the  water  level 
in  the  tanks,  rises  in  an  effort  to  find  its  own  level 
and  forms  a  fountain. 

EXERCISE  81. — Fill  a  long  piece  of  rubber  tubing  with 
water,  and  holding  the  two  ends  at  the  same  level  allow 
the"  tube  to  sag  in  the  centre  into  the  form  of  a  U  tube. 
Notice  that  immediately  one  end  is  lowered,  water  flows 
from  that  end.  Close  one  end  by  pressure  and  bring  it 
down  several  feet  below  the  other  end.  On  releasing 
the  pressure  a  fountain  is  produced  at  the  lower  end. 

EXERCISE  82. — Take  a  wide-mouthed  bottle  and  bore  two 
holes  in  a  tightly  fitting  cork.  Fit 
one  with  a  large  glass  funnel  and 
place  a  bent  glass  tube  in  the 
other,  as  in  Fig.  40.  Observe 
_  that  the  water  level  in  both  funnel 
and  tube  is  the  same  when  the 
bottle  is  full.  This  proves  that 
water  finds  its  own  level  even 
when  carried  through  pipes  for  a 
distance.  Hence  a  water  pipe 
may  be  carried  under  any  obstruc- 
tion and  the  water  will  rise  to  the 
same  level  at  both  ends  of  the 
pipe.  Since  water  transmits  pres- 
sure equally  in  all  directions,  the 
size  of  the  pipe  does  not  affect  the 
pressure  transmitted. 


FIG.  40. 


EXERCISE  83. — Make  a  U  tube  by  joining  two  pieces  of 
glass  tubing  of  unequal  bore  by  means  Of  a  short  length  of 
rubber  tubing.  Pour  water  down  the  wider  tube  and 
observe  that  the  water  stands  at  the  same  level  in  both 
tubes. 

A  modification  of  the  unequal  U  tube  fitted  with 
plungers  or  pistons,  and  having  valves,  is  known  as 
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the  Bramah  press.  The  small  limb  of  the  U  tube 
has  a  powerful  piston  fitted  with  a  long  lever,  and  on 
working  this,  water  is  slowly  forced  into  the  larger 
limb  of  the  U  tube,  where  it  raises  a  much  larger 
piston  very  slowly  but  with  great  hydraulic  force. 
The  hydraulic  lift  is  another  modification  of  the  U 
tube. 

Flotation. 

Any  substance  which  is  lighter  than  water,  bulk 
for  bulk,  will  float  in  water.  The  average  human 
being  with  the  lungs  full  of  air  is  of  slightly  less 
density  than  fresh  water,  and  therefore  floats  in 
water.  In  swimming,  the  action  of  the  arms  and 
legs  propels  the  body  through  the  water  and  to  a 
certain  extent  supports  the  body,  since  a  swimmer 
by  treading  water  with  vigour  may  raise  himself 
out  of  the  water  a  few  inches  higher  than  usual.  It 
should  be  observed  that  water  resists  the  passage 
of  a  body  through  it  far  more  than  air,  and  hence 
the  recovery  of  both  arm  and  leg  stroke,  i.e.  the 
bringing  of  the  limbs  forward  for  a  fresh  stroke,  as 
in  rowing,  should  be  through  the  air  rather  than 
through  the  water.  The  "  crawl  "  stroke  practised 
by  fast  swimmers  illustrates  this  point.  The  ball 
tap  of  a  cistern  is  so  arranged  that  the  buoyancy  of 
the  water  in  lifting  a  hollow  copper  ball  attached  to 
the  end  of  a  long  lever,  forces  a  rubber-capped 
stopper  into  a  hole  like  the  neck  of  a  bottle  and  so 
cuts  off  the  water  supply  as  the  cistern  fills. 

To  Make  a  Simple  Model  of  a  Hydrometer. 

EXERCISE  84. — Take  a  test  tube  and  load  it  with  small  lead 
shot  or  sand  so  that  it  floats  upright  in  a  beaker  of  water. 
Cut  a  slip  of  card  the  same  length  as  the  test  tube,  and  after 
marking  it  in  numbered  half  centimetres,  place  the  slip  in 
the  test  tube  with  the  mark  i  touching  the  lower  end.  Note 
the  mark  opposite  the  water  level.  Place  the  same  loaded 
test  tube  in  methylated  spirit,  and  in  strong  salt  water. 
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Note  the  mark  opposite  the  surface  of  the  liquid  used  in 
each  case.  Since  the  weight  of  the  loaded  tube  remains  the 
same  in  every  case,  and  a  different  fraction  of  the  tube  is 
immersed  in  the  various  liquids,  we  have  a  means  of  com- 
paring the  densities  of  the  liquids. 

Every  floating  body  displaces  its  own  weight  of 
liquid,  just  as  a  heavy  solid  totally  immersed  loses 
a  portion  of  its  weight  (cf.  Principle  of  Archimedes). 
The  liquid  which  pushes  the  tube  upwards  to  the 
greatest  extent,  and  in  consequence  has  its  surface 
level  opposite  a  low  mark  on  the  scale,  is  the  heaviest 
and  most  buoyant. 

That  which  allows  the  tube  to  sink  in  most  deeply, 
and  has  its  surface  opposite  a  high  mark  on  the 
scale,  is  the  lightest  and  least  buoyant. 

The  Common  Hydrometer. 

An  instrument  like  a  glass  float  with  marks  on 
the  stem  corresponding  to  liquids 
of  different  densities  is  called  a 
hydrometer  (Fig.  41).  A  special 
form  used  for  testing  the  purity 
of  milk  is  called  a  lactometer. 
Milk  is  a  denser  liquid  than  water, 
so  that  the  mark  M  for  milk  is 
lower  on  the  stem  than  the  mark 
W  for  water.  The  instrument 
usually  has  a  small  glass  jar  con- 
structed just  conveniently  to  hold 
the  lactometer,  so  that  very  little 
milk  is  required  to  make  this  den- 
sity test. 

Nicholson's  Hydrometer. 

This  form  of  hydrometer  is  a 
hollow  metal  float  with  a  loaded 
cone  attached,  the  base  of  which 
forms  a  pan  in  which  solids  can 
be  weighed  under  ivater. 


FIG.  41. 
An  upper  scale  pan  is 
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fitted  on  a  wire,  soldered  to  the  metal  float,  and  the 
wire  has  a  mark  about  half-way  between  the  pan 
and  the  float  (Fig.  42). 

Sufficient  weights  are  placed  in 
the  upper  pan  to  sink  the  hydro- 
meter to  the  mark  in  water.  Any 
small  insoluble  solid  may  be  put 
on  the  pan  in  place  of  some  of  the 
weights,  and  its  weight  found  in 
air  by  subtraction.  On  transferring 
the  solid  to  the  lower  pan  under 
water — \ilighter  than  water  it  must 
be  tied  by  fine  cotton — the  addi- 
tional weights  required  to  sink  it 
to  the  mark  represent  the  loss  of 
weight  of  the  solid  in  water. 

The  loss  of  weight  is  equal  to 
the  weight  of  an  equal  volume  of 
water,  so  that  the  specific  gravity 

weight  of  the  solid  in  air 

weight  of  an  equal  volume  of  water* 


FIG.  42. 
of  the  solid  = 


The  densities  of  two  liquids  may  also  be  compared 
by  Nicholson's  Hydrometer  by  first  weighing  the 
hydrometer  and  then  adding  the  weights  required 
to  sink  the  hydrometer  to  the  mark  in  the  respective 
liquids.  Since  the  volume  of  the  hydrometer  below 
the  mark  does  not  vary,  and  the  weight  of  the  fluid 
displaced  in  each  case  is  equal  to  that  of  the  weight 
of  the  floating  body,assuming  the  liquids  are  A  and  B, 

Density  of  liquid  A  = 

Density  of  liquid  B 
Weight  of  the  floating  body  in  A 
Weight  of  the  floating  body  in  B' 

Comparing  Densities  of  Two  Liquids  by  the  U  Tube. 

If  liquids  are  taken  which  do  not  mix,  or  if  a  little 
mercury  be  poured  in  first  to  separate  the  two  liquids 
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which  are  to  be  compared,  the  densities  of  the 
liquids  are  inversely  proportional 
to  the  heights  of  their  columns 
above  the  separating  surface. 
[N.B.  —  If  mercury  is  used  the 
mercury  columns  on  either  side 
of  the  bend  must  be  exactly  the 
same  height.]  Thus  in  Fig.  43  an 
8-inch  column  of  water  has  a  down- 
ward pressure  in  one  limb  which 
is  balanced  by  a  ic-inch  column 
of  methylated  spirit.  Hence  the 
density  of  the  spirit  relative  to 
that  of  water  is  T^  or  '8. 

Comparing  Densities  of  two  Liquids 

by  Hare's  Apparatus.  FlG-  43- 

This  apparatus  is  like  an  inverted  U  tube,  a  T 
joint  at  the  bend  enabling  air  to  be  withdrawn  by 
suction  through  a  spring  clip  on  a 
rubber  pipe.  Air  pressure  forces 
the  liquids  in  the  beakers  partly  to 
fill  the  tubes  (Fig.  44).  In  the 
next  chapter  we  shall  learn  that 
air  pressure,  like  liquid  pressure, 
is  exerted  equally  in  all  directions 
so  that  the  columns  of  liquids  in 
the  two  tubes,  being  supported  by 
equal  pressure,  must  be  of  equal 
weight. 

As  in  the  U  tube,  the  densities 
of  the  two  liquids  compared  are  in- 
versely proportional  to  the  heights 
of  their  columns  (measured  from  lower  surface   to 
upper  surface). 


B 


r--D 


FIG.  44. 


Density  of  liquid  in  AB 
Density  of  liquid  in  CD 


Height  of  column  CD 
Height  of  column  AB' 
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EXERCISE  85.— Fit  up  a  Hare's  apparatus  (see  Fig.  44). 
Measurements  of  the  heights  of  columns  of  liquid  must 
be  made  from  the  lower  surface  to  the  upper  surface. 

Using  blue  copper  sulphate  solution  and  water,  take  readings 
at  six  different  heights,  tabulate,  and  compare  results  : — 


Height  of 
Blue  Solu- 
tion in 
Centimetres. 

Height  of 
Water 
Column  in 
Centimetres. 

Ratio  —  ^e*Skt  of  Blue  Solution  Column^ 

Height  of  Water  Column. 

- 

Observe  that  the  results  in  the  last  column  agree  closely,  and 
taking  the  average  result,  calculate  the  density  of  copper 
sulphate  solution  in  grams  per  c.c. 

Note  that  in  the  U  tube  or  in  Hare's  apparatus, 
unequal  bores  in  the  two  limbs  make  no  difference, 
unless  the  bores  are  very  small  (Chap.  XVI).  Verti- 
cal height  from  surface  to  surface  must  be  measured, 
and  if  the  limb  slopes  we  must  not  measure  slant 
height.  Make  U  tubes  and  Hare's  apparatus  with  un- 
equal bored  glass  tubes  connected  by  rubber  tubing 
and  a  T  glass  joint  in  the  Hare's  apparatus.  Let  one 
or  both  limbs  be  oblique  instead  of  vertical  and  verify 
the  fact  that  the  vertical  height  of  the  column  remains 
the  same,  as  the  slope  of  the  limb  is  altered.  Hare's 
apparatus  may  also  be  used  to  illustrate  the  siphon. 

EXERCISE  86. — Fit  up  Hare's  apparatus  with  the  limbs 
dipping  into  two  beakers  of  equal  size.  Nearly  fill  one 
beaker  with  water,  and  place  only  a  depth  of  an  inch 
of  water  in  the  other.  Draw  the  water  up  both  limbs 
until  the  columns  meet  at  the  bend,  and  close  the  clip. 
Observe  that  air  pressure  forces  water  over  the  bend 
towards  the  side  with  the  greater  fall,  and  that  this  goes 
on  until  the  levels  in  both  beakers  are  the  same.  A 
bent  tube  used  in  this  way  is  called  a  siphon. 


CHAPTER   XII 
AIR  PRESSURE 

The  Barometer. 

EXERCISE  87. — Take  a  glass  jar,  fill  it  with  water,  and  after 
placing  a  ground  glass  plate  on  top,  invert  the  jar  and 
remove  the  hand  from  the  loose  plate.  The 
pressure  of  the  air  supports  the  plate  (see  Fig. 

45)- 

EXERCISE  88. — Take  a  tinned  flask  of  thin  sheet 
metal  holding  about  a  pint.      [An  old  varnish 
tin  or  an  oil  flask  will  do.]     Boil  a  little  water 
in  it,  and  while  steam  is  issuing  freely,  remove 
the  burner  and  force  a  softened  cork  tightly 
into  the  neck.      As  the   flask  cools   and  the 
steam  condenses    to  water,  a   partial  vacuum    p 
is  created  inside  the  flask.      This  is  because 
the  steam  drove  the  air  out  of  the  flask  while  the  water 
was  boiling.      The  pressure  of  the  air  forces  in  the  sides  of 
the  metal  flask. 

AN  earthenware  hot-water  bottle  need  not  be 
entirely  filled  because  its  thick  sides  with- 
stand considerable  pressure.  Why  does  air  rush  in 
when  the  stopper  is  loosened  after  cooling?  A 
rubber  hot-water  bottle  should  not  be  entirely  filled, 
but  should,  when  three-quarters  full,  be  squeezed  to 
bring  the  water  up  to  the  top  before  inserting  the 
screw  cap.  How  does  this  relieve  internal  pressure 
on  the  elastic  sides  of  the  bottle  ?  An  aluminium  or 
copper  hot-water  bottle  must  be  filled  to  the  brim 
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before  screwing  in  the  stopper,  otherwise  on  cooling 
the  sides  collapse  under  atmospheric  pressure. 

The  Barometer. 

The  mercury  barometer  consists  of  a  vertical 
glass  tube  closed  at  the  upper  end,  about  33  inches 
long,  which  has  been  filled  with  mercury  and 
inverted  in  a  vessel  containing  mercury.  The 
lower  end  is  sometimes  bent  into  the  form  of  a  U 
tube  in  order  to  dispense  with  the  lower  vessel 
containing  mercury  (Fig.  46). 

EXERCISE  89. — Hold  such  a  straight  tube  over  a  mercury 
tray,  and  using  a  small  funnel  drawn  out  into  a  narrow 
bore,  entirely  fill  the  tube  with  mercury.  Placing  the 
finger  firmly  over  the  open  end,  invert  the  tube  and 
bring  the  open  end  beneath  the  surface  of  mercury 
contained  in  a  basin.  Remove  the  finger  and  fix  the  tube 
upright.  Some  of  the  mercury  flows  out  until  the 
column  is  about  30  inches  high.  The  empty  space 
above  the  mercury  is  airless,  and  except  for  traces  of 
mercury  vapour  is  a  complete  vacuum.  Tilt  the  tube  so 
as  to  bring  the  vertical  height  within  30  inches  and 
mercury  again  fills  the  whole  of  the  tube  (Fig.  47). 

In  using  Hare's  apparatus  we  observed  that 
by  sucking  out  some  of  the  air  in  the  inverted  U 
tube  the  two  liquids  were  forced  into  the  limbs  by 
air  pressure.  In  the  case  of  the  barometer  the 
weight  of  a  3o-inch  column  of  mercury  measures 
the  total  atmospheric  pressure. 

The  height  of  the  mercury  column,  generally 
described  as  the  height  of  the  barometer,  varies 
day  by  day.  This  is  because  the  atmospheric  pres- 
sure in  a  district  varies  day  by  day  according  to 
the  moisture  present  as  vapour  in  the  air.  So- 
called  steam  from  a  kettle,  which  is  really  condens- 
ing into  minute  drops  of  water  (true  steam  is 
invisible),  is  always  observed  to  rise,  showing  that 
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t  is  lighter  than  air.  True  steam  or  invisible 
water  vapour  which  is  always  present  in  air  is 
lighter  than  air,  and  therefore  as  the  quantity  of 
water  vapour  increases,  the  atmospheric  pressure 
diminishes.  Hence  on  the  approach  of  wet  weather, 
when  the  air  becomes  saturated  with  water 
vapour,  the  barometer  falls  to  perhaps  29  inches 
or  even  lower.  Very  dry  cold  air  will  send  the 
barometer  up  to  31  inches  or  over. 


FIG.  46. 


FIG.  47. 


Fine  weather  is  therefore  dry  weather,  and  the 
absence  of  much  cloud  and  water  vapour  brings 
sunshine.  Thirty  inches  is  approximately  equal  to 
76  centimetres  or  760  millimetres,  so  that  normal 
atmospheric  pressure  is  760  millimetres  according  to 
metric  units.  In  a  U  tube  or  siphon  barometer 
(Fig.  46),  the  long  and  closed  limb  is  not  under 
atmospheric  pressure  from  above,  but  the  mercury 
column  of  30  inches  or  760  millimetres  is  supported 
by  atmospheric  pressure  acting  vertically  down- 
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wards  on  the  surface 'of  the  mercury  in  the  short 
open  limb.  Since  whatever  mercury  column  there 
is  below  this  surface  in  the  short  limb  is  balanced 
by  a  column  of  equal  height  in  the  long  limb,  the 
height  of  the  barometer  must  be  measured  from  the 
lower  surface  to  the  upper  surface. 

The  aneroid  (''without  liquid")  barometer  has 
a  nickelled  or  white-metal  box  from  which  air 
has  been  exhausted.  Air  pressure  keeps  the  sides 
of  this  box  forced  in  to  a  certain  extent,  the 
balance  between  the  springy  sides  of  the  box  and 
the  air  pressure  being  so  delicate,  that  variations 


FIG.  48. 

of  air  pressure  cause  the  sides  of  the  box  to  move 
in  and  out.  A  pillar  soldered  to  the  side  of  the  box 
moves  a  hand  over  a  dial,  as  in  the  old-fashioned 
mercury  barometer  (Fig.  48).  The  aneroid  baro- 
meter is  set  by  comparison  with  a  standard  mercury 
barometer,  and  like  a  watch  will  work  in  any  posi- 
tion. A  mercury  barometer  must  be  kept  upright 
and  is  fitted  with  a  spirit  level  or  suspended  verti- 
cally. 

Barometric  Readings  Day  by  Day. 

Certain  kinds  of  aneroid  barometers,  commonly 
called  "Barograph"  or  self-recording  barometers, 
are  so  arranged  that  the  end  of  the  moving  arm 
marks  by  means  of  pen  or  pencil,  variations  of  baro- 
metric pressure  upon  squared  paper.  The  squared 
paper  charts  are  fixed  on  a  drum  which  revolves  by 
clockwork,  and  each  chart  thus  records  a  graph  of 
the  barometric  variations  for  one  week. 
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Comparison  of  Barometer  with  U  Tube. 

We  previously  used  the  U  tube  to  compare  the 
densities  of  two  liquids,  and  have  also  observed  that 
a  siphon  is  an  inverted  U  tube  in  which  air  pressure 
forces  a  liquid  over  the  bend  towards  the  side  with 
the  greater  "drop  "  or  pull. 

A  siphon  barometer  illustrates  the  balance  of  pres- 
sure between  a  column  of  liquid  mercury  confined 
in  a  tube  in  such  a  way  that  there  is  no  pressure  on 
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the  upper  end  of  the  column,  and  the  column  of 
fluid  air,  which,  assuming  that  the  barometer  is  in 
the  open  air,  rests  upon  the  lower  surface  of  the 
mercury  in  the  barometer  and  extends  upwards  to 
the  limit  of  the  atmosphere,  some  200  miles  in  thick- 
ness. 

[N.B. — The  lower  half  of  the  atmosphere  is  with- 
in 3!  miles  of  the  sea  level,  because  at  this  height 
the  barometric  pressure  becomes  only  half  that  at 
sea  level.] 


CHAPTER  XIII 
COMPRESSION  AND  EXTENSION 

Boyle's  Law. 

WE  have  seen  that  a  column  of  mercury  may 
be  used  to  measure  the  pressure  of  the 
atmosphere,  and  that  as  the  air  pressure  varies,  so 
the  height  of  the  barometer  varies.  It  is  equally 
possible  to  compress  a  gas  by  a  pressure  exerted 
by  a  column  of  mercury,  and  to  do  this  conveniently 
a  Boyle's  tube  may  be  used. 

EXERCISE  90. — Take  a  piece  of  glass  tubing  of  small  bore, 
and  about  4  feet  long.  Seal  one  end  and  then,  using  a 
flat  flame  burner,  soften  the  tubing  about  6  inches  dis- 
tant from  the  sealed  end  and  bend  the  tube  into  a  U  loop. 
Fig.  41  represents  such  a  tube  which  should  be  fixed  ver- 
tically against  a  metre  scale.  Using  a  pointed  funnel, 
pour  in  about  4  inches  of  mercury,  and  tilt  the  tube  so  as 
to  allow  some  of  the  air  to  escape  round  the  bend  from  the 
closed  limb.  Carefully  adjust  the  mercury  until  the  sur- 
faces in  both  limbs  are  level  at  A  and  B.  Cut  two  small 
rings  from  narrow  rubber  tubing  and  slip  them  on  to  mark 
A,  the  level  of  the  mercury  in  the  closed  limb,  C,  the  half- 
way mark  between  the  first  ring  and  the  closed  end 

(Fig-  50). 

Note  that  though  some  air  is  now  enclosed  in  the  short  limb, 
it  is  at  the  same  pressure  as  the  air  outside,  since  the  mer- 
cury in  both  limbs  is  at  the  same  level  at  A  and  B.  Now 
pour  mercury  into  the  long  limb  until  the  air  in  the  closed 
limb  has  been  compressed  to  one  half.  Measure  the 
height  of  the  column  of  mercury  from  the  lower  to  the 
78 
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upper  surface,  C  to  D.  It  is  about  30  inches  or  the  atmos- 
pheric pressure  for  the  day.  The  enclosed  air  is  now  there- 
fore under  a  pressure  of  two  atmospheres,  i.e.  the  original 
atmospheric  pressure  (one  atmosphere)  plus  the  weight  of 
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FIG.  50. 


1  2 

Pressure. 


FIG.  51. 


a  3o-inch  column  of  mercury  (one  atmosphere).  We  have 
now  found  that  double  the  pressure  gives  half\.\\e  volume. 
EXERCISE  91. — Repeat  the  experiment  with  the  mercury  in 
the  long  limb  at  various  heights,  measure  the  correspond- 
ing volume  in  the  short  limb  and  tabulate  the  results,  e.g. 


Volume  of  Gas 

"  Head  "  of  Mer- 
cury, i.e.  Vertical 
Distance  C  to  D. 

Atmos- 
pheric 
Pressure. 

Total 

Pressure. 

Enclosed  in 
Short  Column 
as  shown  by 

Pressure 
x  Volume. 

Height. 

23-1  cms. 

76  cms. 

99-1  cms. 

7  -6  cms. 

753'i6 

27'2     » 

76     „ 

103-2    „ 

7'3    » 

753'36 

33'2     „ 

76     ,, 

109-2    „ 

6'9    » 

7S3-48 

5i7    >i 

76     „ 

127-7    „ 

5'9    „ 

753'43 

1 

8o 
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The  results  in  the  last  column  agree  closely,  prov- 
ing that  "the  volume  of  a  gas  (at  constant  tempera- 
ture) is  inversely  proportional  to  the  pressure  ".  This 
is  called  Boyle's  Law,  after  Sir  Robert  Boyle  who 
discovered  it.  Using  the  results  obtained  from  your 
table  construct  a  graph  similar  to  Fig.  51,  to  illus- 
trate your  figures  and  to  enable  you  to  calculate  any 
intermediate  values  between  those  found. 

Extension  of  a  Spiral  Spring. 

EXERCISE  92. — Fix  up  a  wire  spring  with  a  light  scale  pan 
and  fine  wire  pointer  moving  over  a  scale,  as  in  Fig.  44. 
Note  the  scale-reading  opposite  the  wire  pointer.  Place 
20  gms.  in  the  scale  pan  and  note  the  amount  of  stretch. 
Continue  adding  20  gms.  weight  at  a  time  up  to  200  gms. 

Tabulate  your  results  as  follows  and  draw  a  graph  to  il- 
lustrate your  figures : — 


Load  in  Pan 
in  gm. 

Scale-reading. 

Amount  of  Extension 
in  cm.,  i.e. 
Scale-reading  -  9-2  cm. 

o 

9-2 

0 

20 

IO'I 

0-9 

40 
60 

ii'i 

I2'O 

1-9 

2-8 

80 

IOO 

12-9 
13-8 

37 
4-6 

120 

14-9 

57 

140 

157 

6*5 

300 

.... 

Compare  the  two  graphs  and  note  that  they 
are  very  unlike.  That  illustrating  pressures  and 
volumes  is  a  curve,  and  that  connecting  the  stretch 
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of  a  spiral  spring  with  the  load  is  approximately  a 
straight  line.      Deduce  if  possible  from   the   graph 
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the   law   that   governs   the   extension   of  a   spiral 
spring  within  ordinary  limits. 


CHAPTER  XIV 

COMMON  APPLIANCES  WORKED  BY  FLUID 
PRESSURE 

Syringe. 

MAKE  a  model  glass  syringe  as  follows  :— 
Take  a  stout  test  tube,  heat  the  closed  end 
at  the  tip,  draw  out  with  a  piece  of  wire 
when  hot,  and  thus  make  a  small  hole. 
Find  a  soft  cork  which  fits  the  tube  loosely, 
i.e.  would  go  right  in  if  forced.  Bore  this 
cork  and  pass  a  piece  of  glass  rod  through 
tightly.  Fasten  the  rod  and  cork  together 
by  liquid  glue,  seccotine,  etc.,  and  then  heat 
and  flatten  the  end  of  the  rod  like  a  button. 
Fig.  53  shows  the  model  syringe.  Grease 
the  cork  piston  with  vaseline,  and  work  it 
up  and  down  a  few  times  before  using  in 
water.  On  lifting  the  piston  when  water 
surrounds  the  only  opening,  air  pressure 
forces  some  water  in  through  the  hole.  The 
return  of  the  piston  squirts  water  out  through 
the  hole. 

The  pop-gun  is  simply  an  air  syringe, 
though  the  friction  between  the  cork  stopper 
and  the  tube  is  suddenly  overcome  by  the 

Y     elasticity  of  the  compressed  air,  the  shock 
of  which  projects  both  the  cork  and  sound 
FIG.  53.  wave  of  the  report. 

The   bellows,  football  inflator,    and  bicycle 
pump  are  air  syringes  which  take  the  air  in  at  a 
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different  place  from  that  at  which  it  is  discharged. 
In  the  bellows,  the  inlet  valve  is  visible.  In  the  foot- 
ball or  bicycle  pump,  the  piston  is  a  leather  cup 
which  allows  air  to  pass  one  way  only,  admitting  air 
as  the  piston  is  drawn  out,  but  retaining  it  on  the 
return  stroke.  Such  pumps  may  have  a  nozzle  or 
outlet  valve  also,  preventing  any  return  of  air  from 
football  or  tyre  ;  but  since  the  tyre  always  has  a 
valve,  most  cycle  pumps  rely  on  the  tyre  valve, 
and  have  no  nozzle  valve.  Football  bladders  have 
no  valve  and  so  a  football  inflator  has  a  nozzle  or 
outlet  valve. 

The  Gas  Blowpipe  with  Blacksmith's  Bellows. 

In  this  appliance  double  bellows  are  fitted,  so 
that  one  acts  as  a  holder,  rising  with  a  jerky  motion 
as  air  is  pumped  in  from  the  other,  and,  being  sub- 
ject to  continuous  pressure,  sends  out  a  steady 
stream  of  air,  instead  of  the  jerky  blasts  of  an 
ordinary  pair  of  bellows.  The  ordinary  laboratory 
bellows  frequently  has  a  rubber  air  bag  to  serve  as 
a  gas  holder,  and  by  the  pressure  of  its  elastic 
covering  the  steady  flow  of  air  is  maintained  to 
the  blowpipe. 

The  Vacuum  Cleaner. 

This  is  merely  a  type  of  double  or  multiple 
bellows  in  which  the  valves  are  directly  opposite 
to  those  of  ordinary  bellows,  so  that  it  exhausts 
through  the  nozzle  instead  of  forcing  air  out. 
Usually  the  bellows  or  pumps  make  alternate 
strokes  and  so  keep  up  a  steady  exhaust.  It  is  a 
very  useful  way  of  removing  dust  from  all  thick 
fabrics,  when  the  machine  is  motor  or  electrically 
driven.  Hand-worked  machines  are  very  fatiguing 
to  use. 
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The  Siphon. 

[Refer  back  to  Hare's  apparatus  used  as  a 
siphon.]  This  may  be  regarded  as  an  inverted 
U  tube  in  which  air  pressure  forces  the  liquid  up 
over  the  bend  because  there  is  a  greater  drop  or 
"pull"  on  the  further  side. 

Note  that  a  "siphon"  of  soda-water  does  not 
work  by  atmospheric  pressure,  but  by  gas  pres- 
sure from  within  the  bottle. 

EXERCISE  93. — Take  a  piece  of  glass  tubing  and  bend  it 
into  a  U  tube  with  one  limb  3  inches  longer  than  the 
other.  Place  the  shorter  end  in  a  vessel  of  water  and 
observe  that  no  flow  takes  place  until  the  siphon  or  bent 
tube  is  entirely  filled  with  water  [which  can  be  done  by 
suction].  The  water  then  flows  over  the  bend  because 
the  heavier  column  of  water  is  on  the  outside  of  the 
vessel.  As  this  column  falls  out  of  the  open  end,  it 
would  produce  a  vacuum  unless  air  pressure  forced  in 
water  from  the  vessel  to  take  its  place. 

The  Common  Pump,  Force-Pump,  and  Fire-Engine. 

The  common  pump  has  a  barrel  like  a  syringe,  and 
a  valve  over  the  inlet  tube,  so  that  water  may  enter  by 
it,  but  cannot  escape  (cf.  the  leather  flap  valve  of 
bellows).  The  piston  is  usually  attached  to  the 
piston  rod  by  an  arched  piece  of  metal,  and  the 
centre  of  the  piston  is  hollow  and  fitted  on  the  upper 
side  with  a  flap  valve.  Pump  valves  are  like  trap- 
doors and  only  open  one  way — pressure  from  be- 
neath lifts  the  valve,  but  pressure  from  above  closes 
it  tightly  (see  Fig.  54). 

The  first  stroke  of  the  pump  is  like  the  first  stroke 
of  a  syringe,  but  the  return  stroke  passes  the  water 
into  the  barrel  through  the  piston.  Every  upward 
stroke  of  the  piston  then  serves  two  purposes  :  (a) 
The  water  already  above  the  piston  is  lifted  up  and 
flows  out;  (b)  More  water  is  drawn  in  below  the 
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piston,  being  forced  in  from  the  well  by  air  pressure, 
as  the  piston  is  raised. 

Note  that  the  handle  of  a  common  pump  is  a 
lever  of  the  first  order,  and  the  doivnward  pull  of  the 
handle  corresponds  to  the  upward  stroke  of  the 
piston.  It  is  on  this  stroke  that  force  must  be  ex- 
pended ;  the  return  stroke,  which  lowers  the  piston, 
requires  very  little  effort.  Since  both  the  common 
pump  and  the  siphon  depend  upon  atmospheric 
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FIG.  55. 

pressure,  water  can  only  be  raised  to  a  certain  limit 
by  such  means. 

Let  us  work  out  this  limit  for  water  under  ordin- 
ary atmospheric  conditions. 

Atmospheric  pressure  normally  supports  a  column 
of  mercury  30  inches  high,  and  mercury  is  13*6  times 
as  heavy  as  water.  The  height  of  the  water  bar- 
ometer [one  may  actually  be  seen  at  South  Kensing- 
ton Museum,  Western  Science  Galleries]  which  cor- 
responds to  30  inches  of  mercury  is  30  x  13*6  = 
408  inches  =  34  feet. 
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Hence,  owing  to  leakage  of  air  through  pistons 
and  valves,  it  is  found  impossible  to  raise  water  by 
the  common  pump  more  than  about  30  feet. 

The  force-pump  has  a  barrel  and  inlet  tube  with 
valve  like  that  of  the  common  pump.  This  part  de- 
pends on  air  pressure  to  raise  water  to  the  barrel, 
and  hence  must  be  within  30  feet  of  the  water  level 
in  the  supply  well.  The  piston  is  solid  and  an  out- 
let tube  fitted  with  a  valve  conveys  water  from  the 
barrel,  when  it  is  forced  out  by  the  downward  stroke 
of  the  piston  (see  Fig.  55).  The  height  to  which 
water  is  raised  by  this  outlet  tube  depends  on  the 
pressure  used  and  the  force-pumps  of  a  fire-engine 
can  usually  throw  a  jet  of  at  least  60  feet  high.  A 
fire-engine  has  usually  a  pair  of  force-pumps  making 
alternate  strokes,  and  the  water  is  forced  into  a  strong 
vessel  containing  air  which  is  compressed  by  the 
water  being  forced  in,  and  in  consequence  exerts  a 
powerful  and  steady  return  pressure.  By  this  means 
the  jerky  action  of  the  force-pumps  is  converted 
into  a  steady,  continuous,  and  powerful  outflow. 

In  raising  water  from  a  great  depth,  e.g.  from  a 
boring  several  hundred  feet  deep,  a  metal  pipe  is 
driven  down  into  the  boring  and  a  smaller  pipe  is 
carried  down  inside  the  larger  one,  leaving  a  ring 
space  or  annular  space  between  the  two.  A  power- 
ful air  compressor  forces  air  down  the  smaller  pipe. 
This  air  ascends  the  annular  space  as  an  air  cushion 
or  very  large  bubble  every  few  seconds,  pushing 
water  in  front  of  it  as  it  rises. 

This  type  of  valveless  pump  is  very  efficient  and 
works  by  air  pressure  though  not  by  atmospheric 
pressure. 

The  Air-Pump,  Sucker,  Balloon,  Parachute. 

The  air-pump  is  really  a  reversed  bicycle-pump. 
When  the  piston  is  drawn  back,  air  can  only  enter 
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from  the  receiver  or  glass  bell-jar  through  a  valve. 
The  return  stroke  shuts  this  valve  and  expels  the 
air  from  the  barrel.  Hence  it  is  impossible  to  with- 
draw all  the  air  from  the  receiver  or  bell-jar,  be- 
cause only  a  fraction  of  the  amount  is  removed  at 
each  stroke.  The  best  air-pumps  are  mercury-pumps 
which  exhaust  by  the  action  of  gravity. 

The  sucker  is  a  soft  wet  leather  or  rubber  disc  which 
adheres  to  a  smooth  surface  by  air  pressure.  Many 
of  the  lower  forms  of  life  cling  to  surfaces  by 
suckers,  e.g.  limpets  and  anemones  to  wet  rocks. 

A  balloon  is  a  light  bag  filled  with  some  light  gas 
such  as  hydrogen  or  coal  gas.  Just  as  a  cork  floats 
in  water  so  a  balloon  floats  in  the  air. 

The  parachute  is  an  umbrella-like  device  which 
acts  as  an  "  air  brake  "  to  a  falling  body.  Cases  are 
known  of  balloons  having  burst  and  the  lower  half 
of  the  balloon  envelope  having  been  forced  tightly 
by  air  pressure  into  the  upper  half  as  the  balloon 
fell.  The  "parachute"  thus  formed  was  the  means 
of  saving  the  lives  of  the  aeronauts. 

EXERCISE  94. — Cut  a  round  disc  of  soft  leather  about  3  inches 
diameter.  Make  a  small  hole  centrally  just  large  enough 
to  allow  a  strong  cord  to  pass.  Pass  the  cord  through 
and  make  a  knot  on  the  "  coarse "  side  of  the  leather. 
Cut  off  any  extra  cord  below  the  knot.  Wet  the  disc 
thoroughly  and  test  the  "sucker"  on  any  smooth  hard 
surface. 

EXERCISE  95. — Take  a  rubber  ring  from  the  screw  stopper 
of  a  mineral  water  bottle.  Choose  a  new  cork  over 
which  it  will  stretch  tightly.  Wet  the  cork  to  make  sure 
of  an  airtight  joint,  and  force  the  cork  into  the  ring 
a  short  distance  leaving  a  projecting  rubber  "lip"  all 
round  the  end  of  the  cork.  This  rubber  sucker  will 
readily  stick  to  glass. 

EXERCISE  96. — Make  some  hot  strong  soap  "suds,"  and 
using  a  new  clay  pipe  or  a  glass  thistle  funnel  blow  a 
few  soap  bubbles.  Each  tends  to  rise  but  soon  falls.  Con- 
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nect  the  pipe  with  the  gas  tap  by  means  of  rubber  tube. 
By  turning  the  gas  gently  on  and  off  blow  some  gas- 
filled  bubbles.  These  rise  rapidly  and  burst  against  the 
ceiling. 

EXERCISE  97. — A  square  of  material  like  a  handkerchief  has 
four  short  strings  tied  to  each  corner  and  each  of  these 
strings  knotted  together.  Where  the  strings  join  each 
other,  a  small  stone  or  weight  is  attached.  If  the 
material  be  loosely  rolled  into  a  ball  with  the  stone 
touching  it  but  not  wrapped  in  it,  on  flinging  it  up  in  the 
air,  preferably  outdoors,  it  will  descend  gracefully  and 
slowly  as  a  parachute. 

Rocket,  Spray-Producer,  Revolving  Sprinkler. 

The  great  philosopher  Newton  was  the  first  to 
state  as  a  law  of  motion  that  "action  and  reaction 
are  equal  and  opposite  ". 

This  explains  why  a  gun  "kicks"  when  it  is 
fired,  while  a  cannon  "runs  back"  or  if  it  is  fixed, 
swings  on  a  pivoting  arrangement ;  so  that  the 
recoil  of  a  gun  has  given  us  a  much-used  figure  of 
speech. 

A  vigorous  swipe  with  hockey  stick  or  bat 
generally  brings  a  sensible  "  recoil "  in  the  "jar  "  or 
shock  of  reaction  from  the  ball  struck.  The  recoil 
of  the  fiery  comet-like  tail  of  a  rocket  sends  the  case 
spinning  on  its  way,  and  such  a  rocket  may  be  used 
to  carry  a  light  cord  over  a  wreck  to  establish  com- 
munication. 

The  spray-producer  is  another  instance  of  re- 
action. Just  as  a  glass  ball  coming  in  violent  con- 
tact with  an  obstruction  is  dashed  to  pieces,  so  a 
fine  jet  of  water  meeting  the  obstruction  of  the  air 
is  broken  up  into  spray.  In  a  scent  spray,  nasal 
syringe,  etc.,  air  is  driven  into  the  bottle  by  a  rubber 
bulb,  plunger,  etc.,  and  this  forces  the  liquid  out  in 
a  fine  jet.  A  soda-water  siphon  is  a  good  spray- 
producer  and  a  valuable  emergency  fire  extin- 
guisher. 
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In  a  revolving  sprinkler  the  jets  all  point  the  same 
way,  i.e.  if  it  has  a  clockwise  movement,  all  the  jets 
spirt  out  in  an  #«//-clockwise  direction,  and  vice 
versa.  The  reaction  of  the  water  jets  is  used  in 
driving  the  sprinkler  in  the  opposite  direction.  This 
reaction  is  well  illustrated  in  using  a  hose-pipe, 
especially  fire-hose,  for  the  recoil  experienced  from 
a  powerful  jet  of  water  is  very  considerable  indeed. 
Powerful  fire-hose  is  often  provided  with  crutch 
holders  for  the  metal  nozzles,  so  that  the  recoil  of 
the  jet  may  be  supported  largely  by  the  crutch  rest- 
ing on  the  ground. 


CHAPTER  XV 
DIFFUSION  OF  LIQUIDS  AND  GASES 

WE  have  previously  seen  that  all  forms  of 
matter,  whether  solids,  liquids,  or  gases,  are 
more  or  less  porous,  and  when  liquids  or  gases 
come  in  contact,  they  possess  the  property  of  ming- 
ling or  mixing  to  a  certain  extent,  the  particles  of 
each  penetrating  the  pores  of  the  other.  This  is 
known  as  diffusion. 

Experiment  on  Diffusion  of  Liquids. 

EXERCISE  98. — Take  6  inches  of  rubber  gas  piping  and 
two  lengths  of  glass  tubing  about  i  cm.  bore  and  a  foot 
in  length.  Make  a  U  tube  with  the  upright  sides  of  glass 
tubing  and  the  bend  of  rubber  tubing  which  should  be 
fitted  with  a  spring  clip.  Fill  one  limb  with  a  highly 
coloured  solution,  e.g.  permanganate  solution,  copper 
sulphate  solution,  or  red  ink,  and  then  fill  the  other  limb 
with  water  and  adjust  the  upper  surfaces  of  the  two  liquids 
to  the  same  level. 

Squeeze  all  air  bubbles  out  of  the  rubber  tubing  by  pressing  it 
with  the  fingers,  and  then  carefully  remove  the  spring  clip 
so  as  to  allow  the  two  liquids  to  come  in  contact.  After 
a  time  the  coloured  solution  will  gradually  diffuse  into  the 
water,  and  the  liquid  in  both  limbs  will  become  coloured. 

Diffusion  of  Gases. 

It  is  a  well-known  fact  that  if  a  gas  tap  be  turned 
on  for  a  few  seconds,  to  allow  a  little  gas  to  escape 
into  the  room,  gas  can  be  smelt  all  over  the  room 
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very  shortly  afterwards.  All  gases  are  able  to 
spread  themselves  abroad  or  diffuse  in  this  way. 
Lighter  gases  diffuse  more  quickly  than  heavy  ones. 
All  gases  have  large  intra-molecular  spaces  or  pores, 
and  hence  the  molecules  or  tiny  particles  of  one  gas 
are  able  to  pass  rapidly  between  the  molecules  of 
another.  Gases  pass  rapidly  through  minute  holes 
in  solids,  e.g.  unglazed  earthenware,  such  as  clay 
pipe  stem,  flower-pot,  or  porous  electric  battery  cell, 
much  more  rapidly  than  liquids  do.  The  minute 
blood-vessels  in  the  lungs  retain  the  blood  within 
their  walls  of  thin  membrane,  but  gases  diffuse 
readily  through  such  membrane,  so  that  oxygen  is 
absorbed  and  carbonic  acid  gas  is  expelled  from  the 
blood  by  diffusion  through  the  walls  of  the  blood- 
vessels. 

Experiment  on  Diffusion  of  Gases. 

EXERCISE  99. — A  small,  round  porous  pot,  such  as  is  used 
for  electric  battery  inner  cells,  is  fitted  with  a  rubber  stopper 
through  the  centre  of  which  passes  a  short  straight  glass 
tube.  The  tube  is  joined  to  another  piece  of  narrow 
width  glass  tubing  by  a  short  length  of  rubber  tubing. 
The  lower  end  of  the  narrow  tube  stands  in  a  beaker  of 
coloured  water.  This  apparatus  can  be  used  to  compare 
the  diffusion  of  (a)  light  gases;  (b]  heavy  gases  as  com- 
pared with  that  of  the  air. 

(a)  Take  a  large  beaker  or  a  large  glass  jam  jar  and  fill  it 
with  coal  gas  by  holding  it  for  a  few  seconds  above  a  turned 
on,  unlit  gas  jet.  This  is  called  collecting  a  gas  by 
upward  displacement.  Hold  the  jar  or  beaker,  mouth 
downwards,  over  the  porous  pot,  as  in  Fig.  56. 

The  light  gas  diffuses  inwards  more  quickly  than  the  heavier 
air  inside  the  pot  diffuses  outwards,  through  the  sides  of  the 
porous  pot.  This  results  in  an  increase  of  pressure  inside 
the  pot,  and  bubbles  are  forced  out  of  the  lower  end  of  the 
tube,  because  the  mixed  gases  inside  the  pot  require 
more  room.  On  removing  the  jar  or  beaker  the  light  gas 
escapes  rapidly  from  inside  the  porous  pot  and  the  liquid 
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in  the  beaker  rises  in  the  tube.  Ammonia  gas  may  be 
tested  in  the  same  way  as  coal  gas. 

EXERCISE  100. — (b]  The  same  apparatus  may  be  used  for 
showing  diffusion  of  a  heavy  gas  or  vapour,  as  compared 
with  that  of  air.  Carbonic  acid  gas,  ether  vapour,  or 
bromine  vapour,  may  be  collected  by  downward  displace- 
ment in  a  large  beaker  or  jar,  i.e.  simply  poured  into  the 
vessel  like  so  much  water. 

The  apparatus  must  now  be  fixed  as  in  Fig.  57. 


FIG.  56.  FIG.  57. 

This  time  the  lighter  air  within  the  porous  pot  diffuses 
outwards  more  quickly  than  the  heavier  gas  or  vapour 
surrounding  the  pot  diffuses  inwards.  Consequently  there 
is  a  decrease  of  pressure  inside  the  pot,  as  shown  by  the 
liquid  in  the  tube  rising  towards  the  rubber  junction  as 
the  mixed  gases  inside  the  pot  require  less  room.  On  re- 
moving the  jar  or  beaker,  the  heavy  gas  or  vapour  inside 
the  porous  pot  escapes  slowly,  while  air  enters  from  the 
outside  more  rapidly  so  that  the  liquid  sinks  back  into 
the  beaker. 

Gases  possess  the  property  of  diffusion  to  a  much 
greater  extent  than  liquids.  Steam  or  water  vapour, 
the  gaseous  form  of  water,  is  found  everywhere  in 
the  earth's  atmosphere,  which  though  a  mixture  of 
gases,  chiefly  of  nitrogen,  oxygen,  water  vapour, 
and  carbonic  acid  gas,  has  an  almost  constant  aver- 
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age  in  the  proportions  of  these  gases  present,  owing 
to  continual  diffusion,  which  ensures  uniformity  in 
the  mixing. 

The  diffusion  of  liquids,  particularly  of  solutions, 
is  very  important  in  maintaining  uniformity  in  the 
sap  of  a  plant  or  in  the  blood  of  an  animal. 

Water  in  liquid  form  diffuses  through  porous  soil 
and  makes  invisible  films  round  particles  of  ap- 
parently dry  soil.  This  moisture  is  extracted  by 
root  hairs  of  plants. 

Gases  dissolve  in  liquids,  e.g.  carbonic  acid  gas 
in  water,  and  by  diffusion  become  uniformly  spread 
in  solution  throughout  the  entire  mass  of  liquid. 


CHAPTER  XVI 


CAPILLARITY 

POROUS  solids,  e.g.  sugar  in  lumps,  blotting- 
paper,  sponge,  cotton  wick,  wood,  etc.,  are 
able  to  soak  up  moisture  into  their  pores.  The 
attractive  force  which  holds  unlike  particles  to- 
gether is  adhesion,  as  distinct  from  cohesion  which 
binds  similar  particles.  Water  adheres  to  almost 
everything  with  which  it  comes  in  contact,  except 
oily,  greasy  surfaces.  A  finger  placed  in  water  is 
withdrawn  wet,  but  if  placed  in  mercury  it  is  with- 
drawn clean  and  dry.  The  cohesion  of  mercury  is 
very  much  greater  than  that  of  water  and  causes  it 
to  cling  in  little  balls  when  spilt.  Pour 
some  mercury  into  a  clean  test  tube, 
or  better  still,  into  a  burette.  Pour 
water  into  a  similar  vessel.  Note  how 
the  surface  of  the  mercury  curves  down- 
wards at  the  edges,  but  that  of  the 
water  curves  upwards. 

EXERCISE  101. — Take  a  thistle  funnel  and 
bend  the  long  stem  in  the  form  of  a  U 
by  using  an  ordinary  flat  flame  burner  and 
rotating  the  glass  tube  in  the  flame  until  it 
is  quite  soft.  On  pouring  mercury  into 
the  funnel  (see  Fig.  58)  the  level  in  the 
narrower  tube  is  lower  than  that  in  the 
If  water  be  used,  the  level  in  the  narrower  tube 
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funnel. 

is  higher  than  that  in  the  funnel. 
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Water  exhibits  capillary  attraction  while  mercury 
shows  capillary  repulsion.  This  is  because  water 
adheres  to  or  wets  almost  any  surface  presented  to 
it,  and  climbs  up  such  a  surface  or  through  pores  in 
order  to  do  so ;  while  mercury  recoils  from,  or  is 
repulsed  from,  most  surfaces  or  pores. 

To  Show  that  a  Flat  Glass  Surface  Exhibits  Capil- 
larity. 

EXERCISE  102. — Take  two  small  clean  sheets  of  glass  of 
equal  size.  Two  spoilt  photographic  glass  negatives  will 
do  very  well  if  cleaned  in  hot  water.  The  glass  sheets  or 
plates  should  be  wetted  before  use.  Place  the  sheets  one 
over  the  other  with  a  short  piece  of  rubber  tubing  be- 
tween two  of  the  edges,  as  in  Fig.  59. 

Two  spring  letter  clips  or  spring  clothes  pegs  should  be 
placed  at  the  upright  edges  to  keep  the  plates  close  to- 


FIG.  59. 

gether.  On  placing  the  plates  upright  in  a  shallow  dish 
of  water,  a  ctirvt  of  capillarity  will  be  seen,  proving  that 
while  water  climbs  to  a  small  extent  by  capillarity  up 
almost  any  vertical  surface,  in  a  narrow  space  or  crack  it 
climbs  considerably. 

The  more  confined  the  space  becomes,  the  greater 
the  capillary  attraction,  within  limits.  It  is  thought 
that  sap  ascends  to  the  top  of  high  trees  largely 
through  this,  climbing  by  capillary  attraction. 
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What  would  be  the  effect  of  placing  a  similar 
double  plate  in  mercury,  and  why  ?  Verify  your 
answer  by  performing  the  actual  experiment. 

A  Capillary  Siphon. 

EXERCISE  103. — Take  two  small  beakers,  glasses  or  cups. 
Place  one  at  a  higher  level  than  the  other  and  fill  the 
upper  one  with  water.  Connect  the  upper  cup  to  the 
lower  one  by  a  piece  of  clean  lamp  wick  or  a  skein  of 
coarse  cotton.  The  cotton  acts  as  a  siphon  and  conveys 
water  from  the  upper  to  the  lower  level. 

Why  should  we  avoid  placing  cut  flowers  with 
drooping  stems  or  leaves,  in  a  vase  of  water  upon  a 
polished  table  top,  piano,  or  valuable  table  cover? 
Capillary  attraction  may  cause  water  to  rise  from 
the  vase  over  the  hairy  surface  of  leaves  or  stems, 
and  continually  collecting  in  this  way,  it  may  drip 
from  the  drooping  lower  ends  of  leaves  or  stems  on 
to  the  surface  below. 

Films  or  Liquid  Skins,  Drops. 

The  outside  of  a  liquid,  or  a  liquid  surface,  be- 
haves like  an  elastic  skin,  stretched  taut,  with  a 
definite  and  measurable  force. 

EXERCISE  104. — Obtain  a  camel-hair  brush  and  a  white 
fibre-bristle  cheap  gum  brush ;  both  should  be  clean  and 
dry.  The  separate  hairs  or  bristles  stand  apart  and  do 
not  cling  together.  Wet  each  brush  by  placing  them  in  a 
small  beaker  of  clean  water  and  by  looking  through  the 
side  of  the  beaker  notice  that  the  bristles  or  hairs  still 
stand  apart  while  in  the  water.  On  withdrawing  the 
wet  brushes,  the  camel  hairs  all  cling  together  closely  and 
form  a  brush  point,  while  the  white,  stiffer  bristles  of  the 
gum  brush  do  not  cling  in  the  same  manner.  The 
elastic  film  or  skin  of  water  draws  the  soft  camel  hairs  to- 
gether, but  the  more  springy  white  bristles  of  the  gum 
brush  successfully  resist  this  elastic  pressure. 

EXERCISE  105. — Fix  two  precisely  similar  burettes  with 
glass  taps  in  wooden  stands  over  small  clean  beakers. 
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Fill  one  burette  with  clean  water  and  the  other  with 
methylated  spirit.  Open  the  taps  slightly  so  as  to  allow 
the  liquids  to  escape  drop  by  drop  into  the  beakers  be- 
low. The  water  forms  larger  drops  which  consequently 
fall  at  longer  intervals  than  the  spirit  drops.  Notice  that 
the  drops  are  at  first  globe-shaped  and  then  pear-shaped 
as  the  weight  of  the  liquid  tears  through  the  elastic  skin 
which  holds  up  the  drop  as  it  forms. 

There  is  such  an  exact  balance  between  the 
weight  of  the  drop,  depending  on  its  size,  and  the 
limit  of  the  elastic  stretch  of  the  liquid  skin,  that 
the  drops  fall  with  exact  regularity  and  were  used 
to  measure  time  in  the  clepsydra  or  water-clock,  re- 
ferred to  by  Julius  Caesar,  which  later  on  was  re- 
placed by  the  hour-glass  of  running  sand,  and  still 
later  by  the  pendulum.  The  surface  tension,  or 
elastic  skin  stretch  limit  of  water,  is  evidently  more 
than  that  of  methylated  spirit,  because  water  forms 
larger  drops. 

Small  lead  "  duck  shot  "  are  formed  by  allowing 
drops  of  molten  lead  to  fall  from  a  great  height 
down  a  shot  tower  into  a  large  vessel  of  cold  water. 
Of  course  the  size  of  shot  made  in  this  way  is 
limited  by  the  surface  tension  of  molten  lead. 

A  soap  bubble  is  apparently  a  perfect  sphere, 
though  it  can  readily  be  distorted.  In  this  case  the 
weight  is  so  small  that  the  force  of  gravity  has  but 
little  effect  in  distorting  the  spherical  shape.  In 
blowing  bubbles  one  often  observes  a  drop  of  super- 
fluous liquid  hanging  on  the  bottom  of  a  bubble  and 
distorting  it.  The  soap  in  solution  strengthens  the 
elastic  skin  or  liquid  surface.  Similarly  grease  dis- 
solved in  benzine  forms  a  stronger  skin  than  pure 
benzine.  Hence  to  remove  a  grease  spot  with  ben- 
zine, make  a  ring  of  pure  benzine  round  the  spot 
without  touching  the  spot.  Now  apply  benzine  to 
the  spot  itself,  and  the  greasy  benzine  can  readily 
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be  soaked  up  by  applying  a  cloth,  because  the 
stronger  skin  of  greasy  benzine  continually  draws 
the  weaker  surrounding  skin  of  purer  benzine  to- 
wards it.  If  benzine  is  applied  to  a  grease  spot 
without  "ringing"  the  spot,  the  effect  is  merely  to 
spread  the  grease. 

EXERCISE  106. — Take  a  gum  or  paste  brush  from  the  bottle 
of  adhesive  and  wash  it  thoroughly  in  hot  water.  Ob- 
serve how  much  water  the  brush  will  lift,  and  then  how 
much  gum  or  paste.  Which  has  the  greater  surface 
tension,  i.e.  which  liquid  can  form  the  largest  brush 
drop? 

A  house  decorator  in  applying  whitewash  or  dis- 
temper carefully  mixes  his  whiting  or  colours  with 
a  gum  or  glue  solution  called  "  size  ".  If  it  is  oil- 
paint,  he  uses  linseed  oil  and  turpentine.  In  both 
cases  he  aims  at  obtaining  a  creamy  material  that 
will  cling  to  the  brush  *by  strong  surface  tension, 
and  yet  be  sufficiently  liquid  to  flow  freely  from  the 
brush  over  the  surface  to  be  covered,  without  leav- 
ing streaks  or  brush  marks. 

EXERCISE  107. — Take  a  fine  needle  about  an  inch  and  a 
quarter  long.  Fill  a  beaker  or  cup  with  water  almost  to 
the  brim,  and  then  holding  the  needle  between  the  finger 
and  thumb,  bring  it  horizontally  as  near  the  water  surface  as 
possible  and  then  drop  it.  The  needle  will  "  float  "  on  the 
elastic  skin  of  the  water.  Another  similar  experiment  can 
be  carried  out  with  an  ordinary  pin,  if  the  pin  is  previously 
greased  with  vaseline,  because  a  greasy  surface  is  "  water- 
proof" and  repulses  water  capillarity. 

As  soon  as  a  substance  is  wetted  all  over  or  right 
through,  there  is  no  "  water-skin  "  below  it,  and  no 
surface  tension  support.  The  so-called  "  stilt  flies  " 
which  skate  about  on  the  surface  of  stagnant  ponds 
do  not  get  wet,  but  like  the  needle  are  supported  by 
the  "water-skin  ".  Obviously  therefore  we  greased 
the  pin  to  prevent  it  getting  wet. 
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A  piece  of  thin  blotting  or  tissue-paper  will  float 
on  the  surface  of  water  for  some  time,  but  when  it 
gets  thoroughly  sodden,  i.e.  when  the  water  comes 
right  through  it  and  all  air  in  the  paper  is  displaced, 
it  generally  sinks. 


CHAPTER  XVII 
HEAT  AND  TEMPERATURE 

A  CCORDING  to  the  molecular  theory  all  sub- 
J~\.  stances,  whether  solids,  liquids,  or  gases,  are 
made  up  of  molecules.  A  molecule  is  the  smallest 
particle  of  a  substance  which  can  exist,  i.e.  a  particle 
which  cannot  be  again  divided,  so  small  that  if  a 
single  drop  of  water  were  magnified  to  the  size  of 
the  earth,  the  molecules  in  it  might  be  represented 
by  the  size  of  a  cricket  ball.  No  microscope  there- 
fore can  distinguish  a  molecule,  and  these  molecules 
are  all  supposed  to  be  in  a  state  of  molecular  vibra- 
tion. Heat  is  the  name  given  to  this  molecular 
vibration,  so  that  as  a  body  gets  hotter,  it  possesses 
greater  molecular  vibration,  and  if  the  molecules 
are  caused  to  vibrate  more  slowly,  the  body  cools 
and  loses  heat. 

Heat  is  therefore  a  form  of  molecular  vibration 
or  a  form  of  energy. 

Just  as  we  can  measure  a  degree  of  strength  as  between  one 
man  and  another,  and  an  amount  of  strength  as  between 
an  army  of  5000  men  and  an  army  of  25,000  men,  so 
we  can  measure  degree  of  heat  and  amount  of  heat.  Water 
in  a  tea-cup,  just  poured  out  from  a  kettle  of  boiling 
water,  is  at  a  higher  degree  of  heat  than  water  in  a  pail,  just 
poured  out  from  a  hot-water  tap.  In  this  case  we  are  not 
considering  how  much  water  at  all,  but  the  temperature  ( = 
due  measure)  or  degree  of  heat  in  water. 
100 
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The  pailful  of  hot  water  would  be  of  more 
use  to  wash  a  floor  than  the  tea-cup  full  of 
boiling  water,  partly  because  there  is  more 
water  in  it,  and  partly  because  there  is 
more  heat  in  it,  i.e.  a  greater  amount  of 
heat  owing  to  the  very  much  larger  quantity 
of  water  in  the  pail. 

In  order  to  measure  temperature,  heat- 
level,  or  degree  of  heat,  a  thermometer 
is  employed  (Gk.  thermos  =  warm)  while 
quantities  or  amounts  of  heat  are  meas- 
ured by  a  calorimeter  (Lat.  calor  =  heat). 

A  thermometer  consists  of  a  glass  bulb 
continued  upwards  into  a  narrow  tube 
and  containing  mercury  or  coloured 
alcohol.  The  tube  is  marked  in  equal 
spaces  or  degrees.  The  tube  is  sealed 
up  when  full  at  a  high  temperature,  so 
that  the  space  above  the  liquid  in  the 
tube  contains  no  air.  In  very  cold 
weather  the  mercury  shrinks  almost  en- 
tirely into  the  bulb,  but  in  hot  weather 
it  expands,  rising  into  the  stem.  All 
kinds  of  thermometers  have  two  fixed 
points,  the  boiling-point  (B.P.)  and  freez- 
ing-point (F.P.)  of  pure  water.  (See 
Fig.  60.) 

A  calorimeter  consists  of  a  vessel, 
usually  of  copper,  surrounded  by  some 
kind  of  jacket,  often  of  felt,  to  prevent 
the  passage  of  heat  through  the  sides 
of  the  copper  vessel.  (See  Fig.  61.) 
By  mixing  liquids  at  different  tempera- 
tures, or  dropping  a  hot  solid  into  a 
cooler  liquid,  the  amount  of  heat  given 
out  by  one  and  absorbed  by  the  other 
may  be  found.  The  quantity  of  heat 
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required  to  raise  the  temperature  of  i  gram  of  water 
through  i  degree  Centigrade  is  adopted  as  a  convenient 
unit  of  heat  and  is  called  a  calorie. 

Examination  and  Comparison  of  Alcohol  and  Mer- 
cury Thermometers. 

Take  an  ordinary  household  or  classroom  ther- 
mometer which  has  a  wooden  support  with  the  scale 
marked  on  the  wood.  Two  scales  may  be  given, 
one  on  each  side  of  the  glass  stem,  the  Centigrade 
and  the  Fahrenheit — these  scales  are  explained  in 
the  next  paragraph.  The  classroom  thermometer 
does  not  give  the  boiling-point  of  water,  but  stops 
at  about  120°  Fah.,  because  the  temperature  of  a  room 
never  reaches  more  than  about  half-way  to  boiling- 
point. 

The  bulb  may  be  filled  with  coloured  alcohol  or 
with  mercury.  Both  liquids  expand  uniformly  and 
do  not  absorb  much  heat.  Alcohol  is  cheaper  and 
has  a  very  low  freezing-point,  but  since  it  has  a 
lower  boiling-point  than  water,  alcohol  thermometers 
cannot  be  used  for  even  moderately  high  tempera- 
tures. Mercury  is  the  best  liquid  for  thermometers 
used  for  general  purposes. 

Compare  your  classroom  thermometer  with  an  all- 
glass  and  mercury  chemical  thermometer,  which  has 
the  degrees  etched  on  the  glass  stem,  and  will  read 
any  temperatures  from  -  15°  C.  to  110°  C,  or  pos- 
sibly higher  still.  The  wooden  Fahrenheit  scale 
may  have  "  Hospital  Temperature  "  or  "Temperate  " 
marked  at  60°  (this  is  just  above  15°  C.) ;  "Blood 
Heat  "  at  99° ;  "  Summer  Heat  "  at  75° ;  and  "  Freez- 
ing "at  32°. 

Thermometric  Scales  and  their  Conversion. 

The  most  sensible  thermometer  in  use  is  the  Cen- 
tigrade, which  has  100  equal  spaces  or  degrees  be- 
tween the  two  fixed  points,  so  that  o°  C.  represents 
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freezing-point  and  100°  C.  boiling-point  of  pure 
water.  The  Fahrenheit  thermometer  commonly 
used  in  Britain  has  180  equal  spaces  between  these 
two  fixed  points.  It  is  obvious,  therefore,  that  9° 
Fah.  is  equivalent  to  5°  C.,  but  there  is  another  fact 
which  complicates  the  conversion  of  one  scale  into 
the  other.  Fahrenheit  took  the  lowest  temperature 
he  could  obtain  by  mixing  ice  and  salt  as  his  start- 
ing-point or  zero,  and  this  was  32°  below  freezing- 
point  according  to  his  scale. 

In  converting  one  scale  into  the  other,  first  state 
clearly  hoiv  many  degrees  above  or  below  freezing-point, 
then  multiply  by  the  fraction  necessary  (f  or  f)  and 
the  result  is  degrees  above  or  below  freezing-point 
on  the  other  scale.  The  32°  Fah.  which  are  below 
freezing-point  must  be  subtracted  \n  the  first  instance 
if  converting  degrees  Fah.  into  degrees  C,  and  added 
in  the  last  instance  if  converting  degrees  C.  into  de- 
grees Fah. 

Examples. 

(1)  Convert  55°  C.  to  Fah.  scale. 

55°  C.  =  55°  C.  above  freezing-point 

=  5.-L  x  9^  Fah.  above  freezing-point 

=  99°  Fah.  above  freezing-point 
=  99°  +  32°  or  131°  Fah, 

(2)  Convert  90°  C.  to  Fah.  scale. 

90°  C.  =  90°  C.  above  freezing-point 

=  ° ?  or  162°  Fah.  above  freezing-point 

=  162°  +  32°  or  194°  Fah. 

(3)  Convert  86°  Fah.  to  Centigrade  scale. 
86°  Fah.  =  54°  Fah.  above  freezing-point 

=  54_x_5.°C.or3o°C. 
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(4)  Convert  -  40°  Fah.  to  Centigrade  scale. 
-  40°  Fah.  =  72°  F.  below  freezing-point 

=  — — — -  or  40°  C.  below  freezing-point 

9 
=  -  40°  C. 

A  graph  may  be  drawn  on  squared  paper,  and  used  for  con- 
verting thermometric  scales.  Mark  -  40°  against  the 
left-hand  bottom  corner  of  the  squared  sheet.  This  is 
the  same  point  on  both  scales  (Ex.  4),  252  units  should 
be  marked  off  along  the  longer  side  of  the  paper,  as  -  30°, 
-  20°,  -  10°,  o°,  10°,  20°,  etc.,  for  Fah.  scale,  and  140 
units  along  the  shorter  side,  as  -  30°,  -  20°,  etc.,  for  Centi- 
grade scale.  Mark  the  positions  on  both  scales  of  F.P. 
and  B.P.  and  the  values  given  in  (i),  (2),  (3)  above. 
The  six  points  marked  are  on  a  straight  line  (cf.  Fig.  52), 
and  when  joined  up  form  a  useful  graph  for  converting 
scales  at  a  glance. 

Every  house  should  possess  two  thermometers — 
one  preferably  with  a  metal  scale,  rather  than 
wooden,  which  will  serve  to  test  the  temperature 
of  a  sickroom  or  of  a  bath — and  an  ordinary  clinical 
thermometer  used  to  test  the  temperature  of  a  per- 
son's blood.  A  clinical  thermometer  has  a  short 


FIG.  62. 

scale  from  about  95°  Fah.  to  110°  Fah.  and  a  con- 
striction just  above  the  bulb  which  breaks  the  mer- 
cury thread  as  it  cools,  so  that  the  mercury  must  be 
shaken  down  each  time  before  use.  This  enables 
the  highest  temperature  of  the  blood  to  be  recorded 
permanently  by  the  instrument  until  the  mercury  is 
shaken  down.  Normal  blood  temperature  is  98  '4° 
Fah.  and  any  temperature  up  to  100°  Fah.  is  not 
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alarming.  A  sick  person  whose  temperature  is  over 
100°  Fah.  should  be  kept  in  bed.  Both  the  thermo- 
meters described  are  quite  inexpensive  and  can  be 
purchased  for  about  a  shilling  each. 

Maximum  and  Minimum  Thermometers. 

A  maximum  thermometer  contains  mercury  which, 
on  expanding,  pushes  an  iron  index  shaped  like  a 
double-headed  pin  along  a  horizontal  tube.  This 
index  is  always  outside  the  liquid,  and  when  the 
mercury  contracts,  it  is  left  behind  so  that  the  end 
of  the  index  next  to  the  mercury  gives  the  maximum 
temperature  reached.  This  instrument  is  set  by 
sloping  it  so  as  to  slide  the  index  back. 


'        'irWx' 
MINIMUM        THERMOMETER 

FIG.  63. 

A  minimum  thermometer  contains  alcohol  and  has 
a  similar  glass-covered  index  always  inside  the  liquid. 
With  a  rise  of  temperature,  the  alcohol  flows  past 
the  index  without  disturbing  it,  but  on  contracting 
as  far  as  the  index,  the  alcohol  surface  drags  the 
index  back  with  it.  Thus  the  end  of  the  index  next 
the  alcohol  surface  indicates  the  minimum  tempera- 
ture reached,  and  to  set  the  instrument  the  index 
should  be  slid  forward  by  sloping. 
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Combined  Maximum  and  Minimum  Thermometer. 


This  is  an  alcohol 
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thermometer,  but  a  U  thread  of 
mercury  is  introduced  into 
the  instrument,  and  the  ends 
of  the  U  serve  to  operate 
both  indexes  by  pushing  them 
upwards  according  as  the 
alcohol  expands  or  contracts, 
and  the  vertical  sides  of  the 
U  become  of  unequal  length. 
Each  index  is  of  iron  and  has 
a  hair  spring  which  prevents 
the  dropping  of  the  index 
when  left  unsupported  by 
the  mercury.  The  lower 
ends  of  the  indexes  show  the 
highest  and  lowest  tempera- 
ture reached  during  any 
period.  The  instrument  is 
set  by  means  of  a  small 
horseshoe  magnet  which  acts 
through  the  glass  and  draws 
the  indexes  down. 

Making  and  Using  a  Model 
of  the  Thermometer. 

EXERCISE  108. — Take  a  strong 
glass  test  tube  holding  about 
30  c.c.  and  fit  it  with  a  good 
soft  cork  by  twisting  the  cork 
gently  in.  A  cork  should  be 
chosen  that  is  rather  large  for 
the  tube,  and  it  should  then 
be  rolled  on  the  floor  under 


the  sole  of  the  foot,  using  some  pressure  ;  or  it  may  be 
pressed  in  a  cork  press  if  one  is  available.  Choose  a 
foot  length  of  narrow  bored  quill  glass  tubing  and  care- 
fully bore  the  cork  half-way  through  from  the  centre 
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of  each  end,  pushing  out  the  bored  core,  and  after 
rounding  the  sharp  edges  of  the  glass  tube  in  a  bunsen 
flame,  pass  the  tube  through  the  cork  so  that  the  end 
just  shows  at  the  narrow  end  of  the  cork.  The  test  tube 
should  then  be  held  over  a  sink  and  filled  almost  full  with 
clean  methylated  spirit,  which  is  alcohol  with  about  10  per 
cent,  of  added  impurity  to  render  it  unfit  to  drink  or  use 
in  any  alcoholic  beverage.  Insert  the  cork  and  tube  so 
that  the  spirit  is  forced  to  rise  just  above  the  cork  and 
shows  in  the  tube.  Methylated  spirit  is  very  inflammable 
and  should  not  be  brought  near  a  flame,  and  care  should 
be  taken  not  to  spill  any  on  the  bench  or  on  clothing. 
A  small  rubber  ring  or  a  tiny  strip  of  paper  should  be 
placed  on  the  tube  at  the  original  spirit  level.  Now  ob- 
serve what  happens  when  (a)  the  test  tube  is  held  in  the 
warm  hand ;  (b]  when  the  test  tube  is  placed  in  a  freshly 
made  solution  of  photographer's  "hypo,"  a  cheap  salt  used 
for  fixing  negatives ;  (c)  when  the  test  tube  is  placed  in  a 
freshly  made  dilute  solution  of  caustic  soda. 

The  rise  or  fall  of  the  liquid  in  the  tube  attached  to  the  test 
tube  of  methylated  spirit  shows  the  degree  of  heat  reached 
in  each  case. 

Coloured  alcohol  and  mercury  are  common  liquids  used 
in  the  construction  of  thermometers,  largely  because  they 
expand  regularly. 

To  Find  the  Rate  of  Expansion  of  Alcohol. 

EXERCISE  109. — Place  your  test  tube  of  methylated  spirit  in  a 
beaker  of  tap  water,  and  after  a  few  minutes,  mark  the  level 
of  the  alcohol  which  must  be  adjusted  in  the  lower  part  of 
the  tube.  Now  place  a  proper  Centigrade  thermometer  in 
the  beaker  of  water  and  heat  gently,  using  the  proper  ther- 
mometer as  a  stirrer,  until  the  spirit  has  risen  exactly  half 
the  length  of  the  glass  tube  taken.  Note  the  rise  in  de- 
grees Centigrade.  Empty  both  test  tube  and  narrow  tube 
of  spirit  over  a  large  funnel,  which  should  return  the  spirit 
to  its  proper  bottle,  and  then  wash  both  glass  and  tube 
with  water. 

Fill  a  burette  with  clean  water  to  the  zero  mark,  and  after 
taking  the  precautions  mentioned  in  Exercise  22,  calibrate 
the  test  tube  and  the  narrow  glass  tube  separately.  A 
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convenient  method  for  the  latter  is  to  fill  it  entirely  with 
water  by  placing  it  under  water,  then  holding  the  cork 
between  thumb  and  second  finger,  place  the  first  finger 
over  the  open  end  of  the  tube  and  lift  the  tube  out  full  of 
water.  Bring  the  other  end  of  the  tube  over  a  burette, 
and  by  raising  the  first  finger  allow  the  contents  of  the 
tube  to  fall  into  the  burette,  noting  the  rise  in  the  burette. 
If  the  test  tube  held  30  c.c.  and  the  narrow  tube  held  3 
c.c.  a  rise  of  liquid  to  the  extent  of  half  the  tube  would 
mean  a  rise  of  i '5  c.c.  Suppose  this  increase  occurred 
during  a  rise  of  50°  Centigrade  as  shown  by  the  proper 
thermometer.  i°  C.  corresponds  to  a  rise  of  '03  c.c.  on 
the  volume  of  30  c.c.  taken  in  the  test  tube.  Hence  the 
coefficient  of  expansion  of  alcohol  is  'ooi,  or  i  volume 
expands  y^Vir  °f  its  Du^  for  every  degree  Centigrade  rise 
of  temperature. 


CHAPTER  XVIII 
CALORIMETRY— SPECIFIC  HEAT 

Making  and  Using  a  Model  Calorimeter. 

EXERCISE  no. — Obtain  two  small  tin  canisters  which  are 
bright  or  polished,  and  of  which  one  is  about  an  inch 
greater  in  diameter  than  the  other,  the  smaller  being  quite 
watertight.  Two  sizes  of  condensed  milk  tins  are  excellent 
for  this  purpose.  The  larger  canister  is  merely  a  case  for 
the  smaller,  and  the  space  between  them  should  be  packed 
with  dry  cotton  wool,  felt,  cloth  or  any  other  good  non- 
conductor of  heat.  (See  Fig.  61.) 

The  inner  vessel  must  always  be  kept  in  the  outer  protective 
jacket  except  while  being  weighed. 

Effect  of  Mixing  Known  Weights  of  Hot  and  Cold 
Water. 

Weigh  the  empty,  clean,  dry  inner  vessel.  Fill  to  about  -| 
with  cold  water  and  weigh  again.  The  increase  in  grams 
gives  the  weight  of  cold  water.  Place  the  inner  vessel  in 
its  protective  case  and  carefully  note  the  temperature  of 
the  cold  water.  Heat  about  a  gallon  of  water  in  a  clean 
bucket  or  pail  to  about  80°  C,  keeping  it  well  stirred  with 
a  thermometer.  Using  an  enamel  cup  with  a  handle,  or 
a  metal  soup  ladle  as  a  dipper,  after  carefully  noting  the 
temperature  of  the  hot  water,  rapidly  transfer  about  the 
same  amount  of  hot  water  as  the  cold  water  previously 
taken  from  the  bucket  to  the  jacketed  inner  vessel,  and 
immediately  stir  the  mixture  of  hot  and  cold  water,  and 
note  the  highest  temperature  the  mixture  reaches.  Finally 
weigh  the  inner  vessel.  The  further  increase  of  weight 
represents  the  weight  of  hot  water  taken.  Now  investi- 
gate the  truth  or  otherwise  of  the  following  statement : — 
109 
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Heat  lost  by  hot  water  =  Heat  gained  by  cold  water,  i.e. 
Weight  of  hot  water  x  its/a//  in  temperature  =  Weight 
of  cold  water  x  its  rise  in  temperature. 
On  substituting  the  necessary  figures  and  working  out,  it  will 
be  found  that  the  number  of  calories  on  the  /<?//-hand  side 
of  the  equation  is  rather  more  than  the  number  of  calories 
on  the  right-hand  side  of  the  equation.  Evidently  there 
is  some  wastage  of  heat  somewhere,  and  obviously  this  is 
due  to  the  fact  that  the  inner  vessel  has  used  up  some 
heat  in  becoming  warmer  when  the  hot  water  was  poured  in. 

The  water  equivalent  of  any  vessel  is  the  weight 
of  water  that  would  be  raised  i°  C.  by  the  amount  of 
heat  necessary  to  raise  the  temperature  of  the  vessel 
i°  C.  Find  (a)  the  number  of  calories  of  heat  used 
up  in  warming  the  inner  canister  used  in  the  last 
exercise  ;  (&)  the  water  equivalent  of  it.  As  we  shall 
see  in  dealing  with  specific  heat  later  on  in  this 
chapter,  the  water  equivalent  of  any  vessel  =  mass 
x  specific  heat. 

Capacity  for  Heat. 

The  capacity  for  heat  of  anything,  e.g.  a  bucket  of 
water,  a  common  brick,  the  volume  of  air  contained 
in  a  room,  is  the  amount  of  heat  required  to  raise 
the  temperature  of  that  mass  of  material  i°  Centi- 
grade. Water  has  the  greatest  capacity  for  heat  of 
any  substance,  i.e.  more  heat  is  required  to  raise  the 
temperature  of  a  mass  of  water  i°  C.  than  is  required 
to  raise  the  temperature  of  an  equal  mass  of  any 
other  substance  i°  C. 

EXERCISE  in. — Take  two  small  beakers  of  equal  size  and 
counterpoise  them  on  a  balance,  adding  a  few  weights  to 
the  side  that  happens  to  be  lighter.  Fill  one  beaker  half 
full  of  turpentine,  paraffin  oil,  or  methylated  spirit,  and 
then  pour  into  the  other  beaker  an  equal  weight  of  water, 
using  a  pipette  to  add  or  withdraw  water  in  adjusting 
weights.  Take  the  temperature  of  each,  and  then  stand 
both  beakers  in  a  bowl  or  dish  of  hot  water  and  stir  the 
contents  of  each  with  separate  thermometers.  The  liquid 
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in  the  first  beaker  warms  up  more  quickly  than  the  water 
in  the  second  beaker,  proving  that  water  requires  more 
heat  to  raise  its  temperature  to  a  given  point  than  the 
other  liquid  used  for  comparison. 

Water  "  holds  the  heat  "  longer  than  any  other 
substance,  for  a  substance  that  is  quickly  warmed 
is  found  to  cool  quickly  also.  Hence  a  hot  brick 
cools  much  more  rapidly  than  an  equal  weight  of  hot 
water,  so  that  a  hot-water  bottle  is  the  most  common 
article  in  use  for  warming  a  bed  or  supplying 
warmth  to  a  sick  person. 

Specific   Heat. 

In  stating  the  specific  heat  of  any  substance,  we 
really  compare  the  capacity  for  heat  of  that  sub- 
stance with  the  capacity  for  heat  of  an  equal  weight 
of  water.  This  is  a  ratio;  and  since  water  has  the 
greatest  capacity  for  heat,  the  value  of  this  ratio  must 
be  always  less  than  unity. 
Specific  _  Amt.  of  heat  required  to  raise  i  gm.  of  substance  i°C. 

heat  Amt.  of  heat  required  to  raise  i  gm.  of  water  i°  C. 

If  we  know  the  specific  heat  of  a  substance,  we  can 
readily  calculate  the  heat  absorbed  by  a  given  mass 
of  it,  and  evidently  the  water  equivalent  of  any  mass 
of  it  =  mass  x  specific  heat. 

To  Find  the  Specific  Heat  of  Copper. 

EXERCISE  112. — Use  a  copper  calorimeter  for  this  purpose 
well  cleaned  and  dry.  Weigh  it  empty,  then  ^  filled  with 
cold  tap  water  at  an  observed  temperature.  Add  about 
an  equal  amount  of  nearly  boiling  water  after  previously 
noting  the  exact  temperature  and  obtain  the  temperature 
of  the  mixture.  Then  by  making  a  third  weighing  obtain 
the  weight  of  hot  water  taken. 

Enter  your  notes  and  weighings  as  follows  : — 

Weight  of  empty  copper  calorimeter  (inner  vessel  only)  gms. 
,,  cold  water  taken  at  °  C.  .  .  .  .  gms. 
,,  hot  water  taken  at  °  C.  .  .  :  .  gms. 

Temperature  of  mixture  of  hot  and  cold  water  .         .      °  C. 
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Now  substitute  numerical  values  in  the  following  equation  : — 
Heat  lost  by  hot  water  =  Heat  gained  by  cold  water 

+      ,,          „      by  calorimeter, 
i.e. 

Weight  of  hot  water  x  fall  in  temperature 

=  weight  of  cold  water  x  rise  in  temperature. 
+  wt.  of  cal.  x  rise  in  temp,  x  sp.  ht.  of  copper. 

To  Find  the  Water  Equivalent  of  a  Tinned  Kettle 
and  of  a  Cast-Iron  Saucepan. 

EXERCISE  113. — Carefully  measure  a  litre  of  water  (1000  c.c.) 
into  the  kettle,  and  an  equal  quantity  into  the  saucepan. 
Both  kettle  and  saucepan  should  be  about  5  pint  size, 
or  if  smaller  vessels  are  used  less  water  must  be  taken. 
Since  the  whole  of  the  water  will  be  transferred  to  one  of 
the  vessels,  enough  room  must  be  left  for  this  purpose. 
Have  some  thick  felt  or  a  folded  wool  mat  to  stand  one 
vessel  upon.  Heat  the  water  in  either  the  kettle  or  the 
saucepan,  and  after  carefully  observing  the  temperatures 
of  the  hot  and  cold  water,  pour  one  into  the  other,  and 
immediately  stir  and  take  the  mixture*temperature.  Re- 
membering that  every  c.c.  of  water  weighs  i  gram, 
substitute  numerical  values  in  the  following  equation  : 
Heat  lost  by  hot  water  =  Heat  gained  by  (cold  water  + 
water  equivalent  of  vessel). 
Let  x  stand  for  the  water  equivalent  of  vessel. 
1000  gms.  x  fall  in  temperature  =  (1000  gms.  +  x)  x 
rise  in  temperature ;  whence  x  is  easily  obtained. 

If  the  cold  water  is  poured  into  the  hot  water  in  the  hot 
vessel,  then  x,  the  water  equivalent  of  the  hot  vessel,  should 
be  on  the  left  side  of  the  equation  and  should  be  multi- 
plied by  fa!!  in  temperature. 

Two  experiments  are  necessary  in  order  to  determine  both 
water  equivalents,  and  it  will  be  found  that  the  cast-iron 
saucepan  has  a  greater  water  equivalent  than  that  of  the 
tinned  kettle. 

If  the  weight  of  each  can  be  found  roughly  (i  Ib.  =  45 3 '6 
gms.)  the  specific  heat  of  the  iron  can  be  found,  since 
water  equivalent  =  mass  x  specific  heat. 


CHAPTER  XIX 
EXPANSION  AND  CONTRACTION 

IT  is  a  matter  of  common  observation  that  solids, 
such  as  metals,  expand  or  get  larger  on  heating. 
Experiments  on  Expansion  of  Solids. 

The  Ball  and  Ring.—  A  metal  ball  is  made  to  slip 


FIG.  65. 

easily  through  a  ring.     On  heating  the  ball,  it  is  no 
longer  possible  to  pass  it  through  the  ring  (Fig.  65). 
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The  Rod  and  Gauge.— The  gauge  accurately  re- 
cords both  the  length  and  the  thickness  of  the  rod. 


in 


FIG.  66. 

On  heating  the  rod,  both  the  length  and  the  thick- 
ness are  found  to  have  increased  (Fig.  66). 

The  Pyrometer. — This  instrument  shows  the  ex- 
pansion in  length  of  a  metal  bar  when  it  is  heated. 


FIG.  67. 

One  end  of  the  bar  is  fixed,  while  the  other  presses 
against  a  needle  which  as  the  rod  lengthens,  travels 
over  a  scale  (Fig.  67). 

Experiment  on  Contraction  of  an  Iron  Bar. 

A  strong  wrought-iron  bar  about  2  cms.  diameter 
has  a  coarse  screw-thread  cut  on  one  end  which  is 
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fitted  with  a  large  nut.  The  other  end  is  flattened, 
and  has  a  hole  bored  through  the  flattened  part, 
through  which  a  cast-iron  peg  about  as  thick  as  a  pen- 
holder is  passed.  A  very  strong  cast-iron  frame 
enables  the  nut  to  be  screwed  up  tightly  against  the 
resistance  of  the  peg  while  the  bar  is  hot  (Fig.  68). 

As  the  bar  slowly  cools  and  becomes  shorter,  the 
cast-iron  pin  is  broken  by  the  force  due  to  contrac- 
tion. Note  that  the  cast-iron  frame  and  cast-iron 
pin  cannot  bend  and  so  allow  for  the  contraction  of 


FIG.  68. 

the  bar,  and  that  the  bar  is  wrought  iron  which  is 
tough  and  fibrous  and  not  brittle  like  cast  iron. 

To  Show  that  Solids  Expand  at  Different  Rates. 

A  strip  of  sheet  brass  is  firmly  riveted  in  several 
places  to  a  similar  strip  of  sheet 

iron.     When   the  double  strip     ^- -P^^l K.wtr '-^ 

is  heated,   it  rapidly  becomes     ^^-^rmssr-- 
curved  because  one  metal  ex-    &^ 
pands   more    than    the    other.  FlG    6 

Which  metal  is  then  on  the  out- 
side of  the  curve,  and  which  therefore  expands  to 
the  greater  extent  ?  (see  Fig.  69). 

Coefficient  of  Expansion. 

Since  we  have  proved  that  a  metal  bar  increases 
in  length  when  heated,  we  may  express  as  a  ratio 
the  average  increase  of  length  of  a  bar  of  that  metal 
for  i°  C.  rise  of  temperature  to  the  length  of  the 
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same  bar  at  o°  C.  This  is  its  coefficient  of  linear 
expansion.  Similarly,  if  we  measure  expansion  of 
volume,  we  have  a  coefficient  of  cubical  expansion. 

To  Show  that  Liquids  Expand  at  Different  Rates. 

EXERCISE  114. — Take  two  small  flasks  of  equal  size  and 
calibrate  both  by  means  of  the  burette.  A  mark  should 
be  made  within  an  inch  of  the  top  of  each  flask  to 
show  the  upper  limit  of  the  same  definite  volume.  A 
length  of  glass  quill  tubing  about  a  yard  long  should  be 
cut  in  half,  and  each  half  passed  through  a  softened  cork, 
which  should  be  pressed  into  the  flask  neck  until  its  lower 
edge  comes  to  the  mark  on  the  neck  of  the  flask.  The 
two  flasks  should  now  be  filled  with  different  liquids  up  to 
the  mark,  and  the  corks  with  the  glass  tubes,  exactly  flush 


FIG.   70. 

with  the  narrow  ends  of  each,  should  be  pressed  in  so  that 
no  air  remains  in  the  flasks  above  the  liquids.  We  may 
now  consider  that  for  all  practical  purposes  we  have  equal 
volumes  of  different  liquids  for  comparison.  Place  the 
two  flasks  in  a  pan  or  bowl  of  water  which  can  be  heated 
from  below  and  apply  heat.  The  two  liquids  rise  in  the 
tubes  at  different  rates,  proving  that  liquids  expand  at 
different  rates.  Suitable  liquids  for  comparison  are  water, 
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turpentine,  methylated  spirit,  and  they  may  be  coloured 
if  desired  by  the  addition  of  a  little  dye,  coloured  ink,  or 
permanganate  of  potash  (see  Fig.  70). 

To  Show  that  all  Gases  Expand  at  the  Same  Rate. 

EXERCISE  115. — A  long  length  of  glass  tubing  should  be 
cut  exactly  in  half  so  as  to  ensure  two  equal  tubes.  Each 
should  be  sealed  at  one  end  in  a  bunsen  burner.  A  length 
of  wider  glass  tubing  should  be  fitted  over  the  two  equal 
tubes  as  a  steam  jacket  A  (see  Fig.  71).  Fill  the  jacketed 


FIG.  71. 

tubes  with  coloured  water  and  invert  them  in  a  bowl  or 
trough  of  coloured  water.  Now  by  means  of  a  piece  of 
glass  tubing  drawn  to  a  point  like  a  pen  filler  fastened  to 
rubber  tubing,  fill  the  equal  tubes  say  half  full  of  two  dif- 
ferent gases,  such  as  coal  gas  and  air.  Pass  steam  through 
the  jacket  and  the  two  equal  columns  of  imprisoned  gases 
will  expand  at  the  same  rate,  and  also  on  cooling,  will  €0n- 
tract  at  the  same  rate.  D,  E,  F  represent  three  positions 
of  the  liquid  columns  in  the  tubes  B  and  C. 
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Expansion  and  Contraction  Accompanying  Change 
of  State  in  Solids,  Liquids,  and  Gases. 

Change  of  state  is  accompanied  by  expansion  or 
by  contraction.  A  vapour  or  gas  always  takes  up 
less  room  when  it  condenses  into  a  liquid,  and  con- 
versely a  liquid  must  expand  in  becoming  a  vapour 
or  a  gas.  The  working  of  the  steam  engine  de- 
pends upon  this,  one  volume  of  water  at  100°  C. 
becoming  1728  volumes  of  steam  at  100°  C.  The 
expansive  force  of  steam  admitted  into  a  cylinder 
forces  out  the  piston  or  movable  end  of  the  cylinder, 
and  so  through  the  piston  rod  drives  the  cranks. 
Steam,  as  steam,  behaves  as  a  gas,  expanding  like 
other  gases,  but  immediately  it  condenses  and  forms 
minute  drops  of  water,  it  contracts  very  considerably 
in  the  change  of  state. 

When  a  solid  becomes  a  liquid,  or  vice  versa,  either 
expansion  or  contraction  occurs,  but  no  definite  rule 
can  be  laid  down.  Thus  ice  floats  on  water,  proving 
that  water  on  solidifying  expands.  This  fact  is  also 
borne  out  by  the  bursting  of  water  pipes  in  winter 
when  exposed  to  severe  frost,  which  produces  the 
expansion  due  to  change  of  state. 

Type  metal,  used  for  making  printers'  type,  has  the 
same  peculiarity,  and  hence  makes  sharp  castings. 

Cast  iron  shrinks  as  it  solidifies,  and  hence  the 
pattern  for  the  casting  is  always  made  rather  larger 
than  the  actual  casting  required. 

Gold  and  silver  contract  during  solidification,  and 
as  sharp  castings  cannot  be  obtained  on  account  of 
this  contraction,  gold  and  silver  coins  and  medals 
are  stamped  or  struck  from  a  "die,"  which  is  a 
hardened  impression  of  the  pattern  to  be  imprinted. 

Experiments    on    Expansion  and   Contraction    Ac- 
companying Change  of  State. 

EXERCISE   116. — Take  a  test  tube,  which  should  be  clean 
and  dry,  and  put  into  it  several  pieces  of  candle  wax  or 
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paraffin  wax.  Have  some  more  pieces  of  the  same  wax 
in  reserve.  Gently  warm  the  test  tube  and  its  contents 
until  the  wax  melts  into  a  clear  liquid  like  water.  Re- 
move the  liquid  wax  from  the  source  of  heat,  and  drop  in 
a  few  pieces  of  solid  wax.  Does  the  solid  wax  float  or 
sink  in  the  liquid  wax  ?  Deduce  the  fact  that  wax,  like 
cast  iron,  gold,  and  silver,  contracts  on  solidification.  Al- 
low the  tube  to  cool  in  an  upright  position  and  observe 
the  funnel-like  depression  in  the  centre  of  the  wax  due  to 
contraction  in  solidifying.  The  same  fact  may  be  ob- 
served in  an  ordinary  candle,  or  in  a  freshly  opened  tin 
of  wax  boot- polish,  both  of  which  show  a  central  depres- 
sion. 

EXERCISE  117. — Fit  up  a  simple  barometer,  and  by  means 
of  a  clean  fountain  pen  filler,  introduce  a  drop  of  ether 
into  the  barometer  tube.  There  will  be  an  immediate 
drop  in  the  mercury  column  due  to  the  pressure  of  the 
ether  vapour.  The  single  drop  of  ether  takes  up  much 
more  room,  or  expands  considerably  when  changed  from 
the  liquid  to  the  gaseous  state.  Ether  is  a  highly  inflam- 
mable liquid,  and  its  heavy  vapour  can  flow  along  a  bench 
top,  and  become  fired  by  a  gas  light  or  burner  some  dis- 
tance away. 


Expansion  and  Contraction  of  Solids,  Liquids,  and 
Gases  in  Everyday  Life — Familiar  Applications. 

1.  Weathering  of  Rocks  and  of  Stone  Buildings, 
Mortar,  etc. — Unequal  expansion  due  to  changes  of 
temperature,  and  particularly  the  expansion  due  to 
freezing  when  water  turns  to  ice,  causes  splitting  in 
rocks  and  mortar,  and  hence  an  old  wall  requires 
"re-pointing". 

2.  All  structural  iron  work — girders  of  bridges, 
railway  lines,   hot-water  piping,   eta,   must  be  so 
constructed  as  to  allow  for  expansion  and  contrac- 
tion.    Iron   rails   have   small    spaces  left    between 
consecutive  rails,  and  the  side  plates  and  iron  bolts 
which  connect  them  allow  for  slight  movement. 
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3.  A  wooden  table  top  is  " hooked"  to  the  lower 
framework  by  wooden  projections  fitting  into  slots, 
so  that  the  table  top  has  a  certain  amount  of  "  play," 
as  it  is  called. 

4.  The   contraction   of  iron   is    made  use   of  in 
riveting   boiler   plates  with   red-hot   rivets  which, 
on  cooling,  draw  the  separate  plates  very  closely 
together. 

5.  Old  bulging  walls  are  sometimes  drawn  to- 
gether by  passing  iron  bars  through  the  building 
and  screwing  up  large  plates  or  cross  pieces  on  the 
outside,  while  the  bars  are  made  hot.     The  great 
force   exerted   by   the   contracting  iron  bars  pulls 
the  walls  slightly  together. 

6.  Every  hot-water  tank  must  be  fitted  with  an 
expansion  pipe  (see  Fig.  83,  p.  145). 

7.  Heated  air  rapidly  rises,   proving   that   it   is 
lighter    bulk   for    bulk    than    cooler    air.     A    tall 
chimney  creates  a  powerful  upward  draught,  if  a 
fire  is  burning  below  it,  and  it  may  be  used  as  a 
valuable  means  of  ventilation. 

8.  Land  and  sea  breezes  are  produced  by  differ- 
ences in  temperature  over  the  land  and  sea.     In  the 
sun's  rays  the  land  rapidly  becomes  hotter  than  the 
sea,  and  heats  the  air  above  it,  which  streams  up- 
wards, causing  a  sea  breeze  towards  the  land.     The 
reverse    happens    at   night   when    the   cooler   land 
breeze  blows  towards  the  sea.     This  reversing  of 
the  breeze  at  evening  is  well  known  by  both  sailors 
and  cyclists. 

9.  Winds  are  due  to  differences  of  temperature 
on  a  larger  scale,  producing  unequal  expansion  of 
air.     A  physical  geography  book  will  explain  how 
great  desert  areas,  such  as  Tibet  or  Central  Aus- 
tralia, become  centres  of  low  pressure  or  of  high 
pressure  according  to    the  season,  and  so  induce 
inflowing  or  outflowing  winds. 
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10.  A  thin  glass  vessel,  such  as  a  test  tube  or  a 
beaker,  may  have  boiling  water  poured  into  it  with- 
out risk  of  breakage,  but  a  thick  glass  or  earthen- 
ware  vessel    may    be    broken    by   such    treatment 
because  unequal  expansion  occurs.     Hence  a  ther- 
mometer should  not  be  transferred  from  ice  cold  to 
boiling  water,  or  vice   versa.      Hot-water   bottles, 
jugs,  and  teapots  should  be  warmed  before  boiling 
water  is  poured  into  them. 

Glass  dishes  should  not  have  hot  liquids  poured 
into  them,  and  cut  glass  should  not  be  suddenly 
plunged  into  very  hot  water.  Common  moulded 
glass  will  stand  much  greater  changes  of  tempera- 
ture than  cut  glass. 

11.  How  to  Remove  a  Tightly-fixed  Stopper  from  a 
Bottle. — Since  a  stopper  is  cone-shaped,  a  smart  tap 
with  a  wooden  handle  or  stout  piece  of  firewood 
will  often  dislodge  the  stopper,  or  the  neck  of  the 
bottle  may  be  cautiously  heated,  thereby  expanding 
the  neck  more  than  the  stopper,  and  so  allowing  the 
removal  of  the  stopper.     A  bottle  with  inflammable 
or  explosive  contents  should  not  be  heated  in  this 
way  for  obvious  reasons.     Glass  taps  and  stoppers 
should  be  slightly  greased  with  vaseline.     Caustic 
alkalies    which    attack   glass   and    "set"    stoppers, 
should  either  have  rubber-stoppered  bottles,  or  else 
have  a  rubber  ring  fitted  on  the  glass  stopper. 
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CHANGE  OF  STATE— MELTING-POINT,  BOILING- 
POINT,  DEW-POINT 

Melting-Point  and  Boiling-Point. 

A  PURE  solid  or  liquid  has  a  definite  melting- 
point  and  boiling-point  unless  it  decomposes 
on  being  heated.     Hence  a  very  common   test  of 
purity   is    the    determination   of  melting-point   or 
boiling-point. 

To  Check  the  Freezing-Point  on  a  Centigrade  Ther- 
mometer. 

EXERCISE  118. — Fill  a  large  glass  funnel  with  ice^roken 
into  small  pieces  and  place  a  small 
beaker  below  it  to  catch  the  water 
formed  by  the  melting  ice.  Several 
thermometers  can  be  placed  in  the 
melting  ice  and  should  register  o°  C. 
Melting  ice  is  always  at  o°  C.,  so  that 
if  the  thermometer  gives  a  different 
reading  the  instrument  is  at  fault  (see 
Fig.  72). 

Effect  of  an  Impurity  on  the   Melt- 
ing-Point. 

EXERCISE  119. — Add  a  large  handful  of 
powdered  salt  to  the  ice  in  the  funnel 
and  mix  it  with  the  ice.  The  tem- 
perature rapidly  drops  to  about  -  10° 
C.  and  a  thick  coating  of  white  hoar 
IG-  7 2-  frost  forms  on  the  outside  of  the 

funnel.     Such  a  mixture  of  ice  and  salt  is  commonly  used 
as  a  freezing  mixture. 

Inference. — Added  salt  lowers  the  melting-point  of  ice, 
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To  Check  the  Boiling-Point  on  a  Centigrade  Ther- 
mometer. 

EXERCISE  120. — Take  a  clean  litre  flask  and  fit  it  with  a 
two-holed  rubber  stopper  which  will  allow 
an  ordinary  Centigrade  thermometer  to 
slide  easily  through  one  hole.  Fit  the 
other  hole  of  the  rubber  stopper  with  a 
right-angled  bend  of  rather  wide-bored 
tube.  Pour  in  as  pure  a  sample  of  water 
as  possible  to  a  depth  of  2  inches,  and 
adjust  the  thermometer  so  that  the  bulb 
is  in  the  liquid.  Heat  the  water  to  boil- 
ing-point, and  when  steam  is  issuing  freely 
from  the  right-angled  bend,  take  the  tem- 
perature of  the  boiling  water,  which  should 
be  100°  C.  Now  raise  the  thermometer 
so  that  the  bulb  is  2  inches  above  the 
boiling  water,  and  the  temperature  of  the 
steam  will  be  found  to  be  the  same  as  that 
of  the  boiling  water  (see  Fig.  73). 

Effect  of  Dissolved  Impurity  on  the  Boiling-Point. 

EXERCISE  121. — Add  a  large  handful  of  powdered  salt  to 
the  hot  water  in  the  flask  and  heat  it  up  again  until  the 
salt  solution  boils.  Take  the  temperature  of  the  boiling 
liquid,  and  of  the  vapour  at  a  point  about  2  inches  above 
the  boiling  liquid.  The  temperature  of  the  boiling  liquid 
is  above  that  of  boiling  water,  but  that  of  the  vapour  is  the 
same  as  that  of  steam  or  of  boiling  water. 

Inference. — Added  salt  raises  the  boiling-point  of  water. 


FIG. 


Effect     of 
Water. 


Pressure    on    the     Freezing- Point     of 


The  melting  of  ice  by  pressure,  and  the  sub- 
sequent re-freezing  when  the  pressure  is  removed,  is 
called  regelation. 

Experiment  to  Show  Regelation. 

EXERCISE  122. — A  large  block  of  ice  about  a  foot  long  and 
6  inches  thick  is  supported  on  two  wooden  blocks  over  a 
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sink  or  large  earthen  trough  to  catch  the  water  produced 
by  melting.  A  heavy  weight  (28  Ib.)  is  slung  from  a 
thin  copper  wire  loop  which  passes  round  the  ice 
"  bridge ".  It  is  observed  that  the  wire  slowly  cuts 


FIG.  74. 

through  the  ice,  but  the  cut  surfaces  become  joined  to- 
gether again  after  the  wire  has  passed  through. 
Inference. — Pressure  produces  melting  of  ice,  or  lowers  the 
freezing-point  of  ice. 

Ice-flow  in  Glaciers. 

Regulation  plays  a  large  part  in  consolidating  the 
material  of  glaciers  and  ice  fields.  Pieces  of  ice 
when  pressed  firmly  together  become  welded  or 
joined  by  pressure,  just  as  snow  may  be  made  to 
bind  into  a  hard  snow  or  ice  ball,  by  repeated  pres- 
sure and  removal  of  pressure. 

Effect  of  Pressure  on  the  Boiling-Point  of  Water. 

EXERCISE  123. — Using  the  same  apparatus  as  in  Exercise 
120,  place  2  inches  of  clean  water  in  the  flask  and  con- 
nect the  right-angled  bend  by  rubber  tubing  to  another 
right-angled  bend  which  has  one  long  arm  about 
the  length  of  a  tall  (250  c.c.)  measuring  jar.  Heat  to 
boiling-point  and  allow  the  escaping  steam  to  bubble 
through  about  2  inches  of  water  contained  in  the  measur- 
ing jar.  Gradually  pour  water  into  the  measuring  jar  so 
that  the  steam  is  forced  out  against  the  pressure  of  at 
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least  a  foot  of  water.     Note   the  corresponding  rise   of 
the  boiling-point  (see  Fig.  75). 

EXERCISE  124. — Using  a  stout  round  glass  flask  with  a  short 
neck,  fitted  with  a  sound  cork  carrying  a  short  length  of 
glass  tubing  having  a  3 -inch  length  of  rubber  tubing 
and  spring  clip  (see  Fig.  76),  fjll  the  flask  one-third  full 
of  water  and  boil  the  water,  allowing  the  steam  to  escape 
through  the  rubber  tubing.  When  steam  has  issued  freely 


FIG. 


75- 


FIG.   76. 


for  a  few  minutes,  remove  the  burner  and  then  close  the 
rubber  pipe  by  means  of  the  clip.  On  cooling  the  upper 
part  of  the  flask  by  applying  a  wet  cloth  to  the  neck 
portion,  and  thereby  diminishing  the  pressure  inside  the 
flask  by  condensing  some  of  the  steam,  the  water  continues 
to  boil  for  several  minutes  without  being  heated  ex- 
ternally. 

Inferences. — Increase  of  pressure  raises  the  boiling-point, 
while  decrease  of  pressure  diminishes  or  lowers  the  boil- 
ing-point. 

Everyday  Applications  of  the  Effect  of  Pressure  on 
Boiling-Point. 

i.  A  "double"  cooking  vessel,  containing  water 
in  the  outer  vessel  which  does  not  allow  the  steam 
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to  escape  except  through  a  brass  spring  safety  valve, 
can  be  easily  adjusted  by  regulating  the  gas  flame 
beneath  it  so  that  it  does  not  boil  dry  for  many 
hours,  and  the  increased  pressure  due  to  the  action 
of  the  valve  raises  the  boiling-point  in  the  outer 
vessel  so  that  the  food  in  the  inner  vessel  is  actually 
raised  above  ordinary  boiling-point.  Such  a  con- 
trivance will  cook  meat  quite  as  well  as  an  oven, 
and  cannot  dry  up  the  juices  nor  burn  outlying 
portions. 

2.  At  high  elevations,  owing  to  the  diminution  of 
atmospheric  pressure,  cooking  by  boiling  is  unsuc- 
cessful, since  water  boils  under  such  conditions  at  a 
lower  temperature. 

Melting  Points  of  Wax,  Butter,  Margarine. 

EXERCISE  125. — Where  only  a  small  sample  of  the  sub- 
stance is  available,  a  little  is  introduced  into  a  capillary 
tube  made  by  drawing  out  a  short  piece  of  glass  tubing 
into  a  yard  length  or  more  and  then  cutting  off  3 -inch 
lengths.  It  is  best  to  melt  the  substance  in  a  spoon, 
crucible,  etc.,  and  then  insert  one  end  of  the  capillary  when 
the  liquid  will  rise  by  capillary  attraction.  The  lower  end 
of  the  capillary  is  then  sealed.  This  tube  is  then  fastened 
to  the  lower  end  of  a  thermometer  so  that  the  sealed  end 
of  the  capillary  is  level  with  the  bulb  (see  Fig.  77).  A 
small  beaker  is  half-filled  with  a  clear  liquid — water  will 
do  for  the  substances  given  above,  but  sulphuric  acid  is 
required  for  substances  with  high  melting-points.  The 
IG'  bulb  and  capillary  are  placed  in  the  liquid,  which  is  then 
77-  gently  heated  with  a  small  flame.  The  temperature  at 
which  the  solid  melts  is  noted,  and  also  that  at  which  it 
again  solidifies.  The  melting-point  is  the  mean  of  these 
two  values. 

Boiling-Points  of  Alcohol,  Milk,  Paraffin  Oil. 

EXERCISE  126. — A  test  tube,  or  if,  say,  10  c.c.  of  the 
sample  are  available,  a  boiling  tube,  is  fitted  with  a  cork 
having  a  thermometer  and  outlet  tube.  The  bulb  of  the 
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thermometer  should  dip  into  the  liquid  which  should  be 
slowly  heated  until  it    boils.     If  a 
pure  liquid,  the  boiling-point  remains 
steady  (see  Fig.  78). 

Distinction  Between  Ebullition  or 
Boiling  and  Evaporation. 

A  volatile  substance,  such  as 
camphor,  ether,  chloroform,  water, 
etc.,  gives  off  vapour  at  ordinary 
temperatures  from  any  exposed  sur- 
face. Thus,  a  piece  of  camphor 
slowly  disappears,  and  a  puddle 
of  water  dries  up.  When  a  liquid 
passes  into  a  gas  in  this  way  at 
ordinary  temperatures,  it  is  said 
to  evaporate.  When  the  whole  mass  •  ? 

of  liquid  is  changing  into  gas  at  a  definite  tempera- 
ture, we  have  boiling  or  ebullition. 

Humidity  of  the  Atmosphere,  Dew,  and  Dew- Point. 

When  there  is  a  visible  mist  or  damp  fog,  it  is 
evident  that  the  air  is  saturated  with  water  vapour. 
Mists  are  more  usual  at  night,  early  morning,  or 
evening  than  they  are  during  the  rest  of  the  day. 
It  is  commonly  observed  that  the  warmth  of  the 
sun  dispels  mists. 

Dew-point  is  that  point  of  temperature  at  which  the 
water  vapour  present  in  the  air  locally  saturates  it, 
and  forms  a  visible  mist  or  dew. 

The  tiny  drops  of  water  condense  on  any  points 
or  surfaces  which  are  sufficiently  cool,  hence  grass, 
twigs,  fences,  wire-netting  may  be  covered  with 
dew  drops,  but  the  flagstones  lying  upon  earth,  or 
the  slates  or  tiles  of  a  house  roof  warmed  from  in- 
side will  scarcely  show  any  deposit  of  dew,  because 
they  readily  conduct  heat  through  them,  and  are 
kept  warmer  than  the  air  above  them  by  being 
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warmed  from  below.  Calm  clear  nights  are  most 
favourable  to  the  deposit  of  dew,  because  clouds 
reflect  the  escaping  heat  of  the  earth  back  again, 
and  winds  keep  the  air  on  the  move  and  prevent 
the  lowest  layer  of  air  in  contact  with  the  earth 
being  cooled  down  to  dew-point. 

Finding  the  Dew-Point  Experimentally. 

It  is  a  fact  of  common  observation  that  a  liquid 
on  evaporating  takes  up  heat.  Wet  hands  produce 
a  sensation  of  cold.  A  classroom  on  a  hot  summer 
day  may  be  considerably  cooled  by  sprinkling  water 
on  the  floor. 

Experiment  to  Show  that  Heat  is  Absorbed  when 

a  Liquid  Evaporates. 

EXERCISE  127. — Pour  out  a  few  drops  of  ether  into  the 
palm  of  the  hand.  The  ether  evaporates  rapidly  and 
produces  a  sensation  of  cold  in  doing  so.  This  is  because 
the  heat  necessary  to  evaporate  it  has  been  absorbed  from 
the  hand. 

The  absorption  of  heat  which  accompanies  the 
evaporation  of  ether  is  made  use  of  in  Daniell's 
hygrometer  (hygros  =  moist),  (see  Fig.  79).  The 
bulb  at  the  higher  level  is  surrounded  by^  muslin 
bag  which  is  soaked  with  ether.  The  evaporation 
of  this  ether  cools  the  liquid  inside  the  bulb  which 
is  also  ether.  Hence  ether  vapour  inside  the  in- 
strument continually  condenses  in  the  upper  bulb, 
and  so  lowers  the  vapour  pressure  inside  the  instru- 
ment. 

We  have  previously  found  (see  Fig.  76)  that  a 
decrease  of  pressure  diminishes  the  boiling-point, 
and  so  we  should  expect  that  by  diminishing  the 
vapour  pressure  in  the  lower  bulb,  we  should  cause 
further  evaporation  of  the  liquid  in  that  bulb.  This 
actually  occurs,  and  as  the  ether  slowly  evaporates 
in  the  lower  bulb,  the  absorption  of  heat,  which 
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occurs  gradually,  lowers  the  temperature  of  the 
bulb  until  a  mist  or  water  film  forms  on  the  outside 
of  this  bulb.  A  gilt  or  silvered  band  on  the  glass 
assists  to  show  up  the  fine  dew  deposit,  and  the 
temperature  at  which  the  dew  begins  to  form  is 
shown  by  the  small  thermometer  inside  the  bulb 
and  stem. 
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FIG.  79. 

The  dew-point  can  also  be  found  by  using  wet 
and  dry  bulb  thermometers,  which  consist  of  two 
similar  thermometers  side  by  side,  one  of  which  has 
its  bulb  surrounded  by  cotton  fabric  kept  moist 
with  clean  water  (see  Fig.  80).  The  evaporation 
of  the  water  from  the  fabric  lowers  the  temper- 
ature of  the  bulb  which  it  surrounds,  and  hence, 
unless  the  atmosphere  is  locally  saturated  with 
water  vapour,  in  which  case  there  can  be  no  evap- 
oration from  the  fabric  and  both  thermometers  read 
the  same,  the  temperature  indicated  by  the  wet  bulb 
thermometer  is  lower  than  that  indicated  by  the  dry 
bulb  thermometer, 
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The  difference  of  temperature  between  the  two 
thermometers  will  be  greatest  when  evaporation  is 
going  on  rapidly,  i.e.  when  the  air  is  dry,  and  there 
will  only  be  a  slight  difference  when  the  air  is  moist 
or  nearly  saturated  with  water  vapour.  By  refer- 


FIG.  80. 

ence  to  a  table  of  differences  specially  made  for  wet 
and  dry  bulb  thermometers,  the  dew-point  can  be 
calculated. 

The  higher  the  atmospheric  temperature,  the 
greater  will  be.  the  possibility  of  absorbing  water 
vapour,  i.e.  the  saturation-point  rises  with  the  corre- 
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ponding  rise  of  temperature.  Wind  also  greatly 
assists  evaporation  by  continually  bringing  fresh 
particles  of  air  in  contact  with  the  liquid  surface. 
Hence  in  drying  wet  clothes,  a  sunny  bright  day 
when  there  is  a  breeze,  gives  a  good  drying  day; 
while  a  misty  calm  day  is  not  a  good  day  for  drying 
clothes. 

Damp  clothing,  in  evaporating  moisture,  absorbs 
heat  from  the  body,  and  hence  produces  chills. 
This  is  particularly  observed  in  the  case  of  damp 
foot  coverings,  because  the  extremities  of  the  body 
are  more  easily  chilled  and  are  usually  more  exposed 
to  draughts. 

Similarly,  the  evaporation  of  perspiration  from  the 
skin  cools  the  skin,  and  the  evaporation  of  water 
sprinkled  on  a  hot  pavement,  or  on  a  garden,  cools 
the  ground  and  the  air  above  it.  Most  fabrics  and 
paper  can  absorb  moisture  from  the  air,  and  this  is 
the  reason  that  sheets,  underclothes,  etc.,  that  have 
been  put  away  for  a  time  should  be  "aired"  or 
warmed  before  use. 


CHAPTER  XXI 
LATENT  HEAT 

HEAT  is  used  up  in  changing  a  solid  into  a 
liquid,  and  also  in  changing  a  liquid  into  a 
gas.  Thus  if  ice  at  o°  C.  is  warmed,  it  is  slowly  con- 
verted into  water  at  o°  C.  The  temperature  of  the 
water  so  formed,  does  not  rise  above  o°  C.  until  all 
the  ice  is  melted.  We  used  a  mixture  of  ice  and 
water,  or  melting  ice,  to  check  the  lower  fixed  point 
of  a  thermometer  for  this  reason,  because  melting 
ice  is  always  at  o°  C.  if  the  ice  is  pure.  Similarly, 
when  steam  condenses  to  water,  it  gives  out  heat, 
and  when  water  freezes  to  ice,  it  gives  out  heat. 

Latent  Heat  is  the  stored  or  hidden  heat  which  is 
either  taken  up  or  given  out  during  a  physical  change 
of  state,  the  substance  remaining  at  the  same  tem- 
perature until  the  change  is  completed. 

To  Find  the  Latent  Heat  of  Fusion  of  Ice. 

EXERCISE  128. — Take  a  calorimeter  which  will  hold  about 
300  grams  of  water  when  half-full.  Weigh  the  inner  ves- 
sel of  the  calorimeter,  and  then  add  about  300  grams  of 
water  at  from  18°  C.  to  20°  C.  Weigh  the  water  and  vessel 
together,  and  carefully  note  the  temperature  of  the  water 
correct  to  'i°  C.  if  possible.  Small  pieces  of  ice  should 
then  be  dried,  one  at  a  time,  on  a  clean  cotton  cloth, 
dropped  in  and  stirred  up  with  the  thermometer  until  they 
melt.  About  30  grams  of  ice  should  be  added  in  this  way, 
and  the  temperature  should  be  taken  as  soon  as  the  ice 
has  melted.  The  inner  vessel  should  then  be  weighed 
132 
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again  with  its  contents,  in  order  to  find  how  much  ice  was 
taken. 

The  heat  absorbed  by  the  ice,  first  in  melting  and  then  in 
bringing  the  ice-cold  water  formed  by  the  melting  ice  up 
to  the  temperature  of  the  resulting  mixture,  is  derived 
from  the  water  and  its  containing  vessel. 

We  require  to  calculate  the  quantity  of  heat  required  (in 
calories)  to  melt  i  gram  of  ice  without  raising  the  tem- 
perature of  the  ice-cold  water  formed.  Hence,  if  we  know 
the  number  of  calories  required  to  melt  i  gram  of  ice  and 
in  addition  to  raise  the  i  gram  of  ice-cold  water  so  formed 
to,  say,  10°  C.,  the  latent  heat  of  fusion  of  i  gram  of  ice 
alone  would  be  the  total  value  found,  minus  the  heat  ab- 
sorbed in  raising  the  water  formed  by  i  gram  of  melted 
ice  from  o°  C.  to  10°  C.  In  this  experiment,  for  the  sake 
of  simplicity,  we  may  neglect  the  water  equivalent  of  the 
calorimeter. 

EXAMPLE. 

Mass  of  calorimeter          .  .         .  .  55  gms. 

„  „  +  water  .  -3*5  gms- 

,,          water  taken  .  .  .  M    .         .  .  260  gms. 

,,          calorimeter  +  water  +  ice    .  .  342'5  gms- 

,,          ice  taken  ...       m  .         .  .  27*5  gms. 

Temperature  of  water  at  first  .  .  .  T°  .  I9'5°  C. 

„            after  adding  ice  .   .  .    f  .  10*5°  C. 

Latent  heat  of  fusion  _  M  (T°  -  f)  _  f 
for  i  gram  of  ice  m 

=  26°  x  9  _  I0.5 

27-5 
=  77-4  calories. 

The  correct  value  to  the  nearest  integer  for  latent  heat  of 
fusion  of  ice  is  80  calories. 

To  Find  the  Latent  Heat  of  Vaporization  of  Steam. 

EXERCISE  129. — Take  the  same  calorimeter  used  in  the  last 
experiment,  or  a  similar  one.  Weigh  the  calorimeter, 
adding  about  300  grams  of  tap  water,  and  find  the  exact 
weight  and  temperature  of  this  mass  of  water. 

Steam  at  100°  should  now  be  passed  in  from  a  boiler,  for 
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2  or  3  minutes,  and  the  temperature  of  the  mass  of  water 
in  the  calorimeter  is  found  to  rise  rapidly.  The  rise  in 
temperature  is  observed  and  the  mass  of  steam  condensed 
is  found.  The  heat  absorbed  by  the  tap  water  and  its 
containing  vessel  is  derived  from  the  condensation  of  the 
steam,  and  from  the  cooling  of  the  condensed  steam,  ori- 
ginally at  1 00°  C.,  down  to  the  resulting  final  temperature. 

EXAMPLE. 

Mass  of  calorimeter 

„  „  +  water 

,,          water  taken  ... 

,,          calorimeter  +  water  +  steam 

,,          steam  used 
Temperature  of  water  at  first . 

,,  after  passing  steam     . 


55 

353-4  gms. 

298-4  gms. 

360-84  gms. 

7-44  gms. 

20-5°  C. 

35-5°  C. 


Let  L  stand  for  latent  heat  of  vaporization  of  water. 

Total  heat  lost  =  Heat  gained  by  water  and  containing  vessel. 


L  x  7-44  +  7-44  x  (100°  -  35-5°) 
L  x  7-44  +  479'88 

L 


(35-5°  -  20-5°)  x  298-4. 
4476 


7  '44 
=  537-1 
The  latent  heat  of  vaporization  of  water  is  537. 

The  chief  difficulty  in  the  last  experiment  is  in 
getting  "  dry  steam,"  i.e.  steam  which 
has  not  already  partly  condensed  into 
water  before  being  condensed  in  the 
calorimeter.  Frequently  a  steam  trap 
is  used  (Fig.  81)  in  which  any  condensed 
water  is  trapped  a  few  inches  above  the 
calorimeter. 

Another  method  (Fig.  82)  is  to  use  a 
2  Ib.  syrup  tin  with  a  lever  lid  as  a 
boiler,  having  previously  soldered  a  piece 
of  narrow  bore  copper  tubing  in  the  position  shown 
in  the  sectional  diagram.  The  tinned  boiler  is  sup- 
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ported  on  a  gas  ring,  the  copper  tube  projecting 
about  4  inches  below  the 
gas  ring  and  being  at- 
tached by  a  2-inch  length 
of  rubber  tubing  to  a  3- 
inch  length  of  glass  tubing, 
which  prevents  heat  being 
conducted  into  the  calori- 
meter to  any  appreciable 
extent.  When  the  boiler 
is  properly  working  with 
the  lid  tightly  fixed,  and 
steam  is  issuing  freely 
from  the  glass  tube,  any 
number  of  calorimeters,  up 
to  a  dozen  or  so,  may  be 
brought  in  turn  beneath 
the  glass  tube,  the  rubber 
connexion  being  pinched 
for  a  second  or  two  while 
inserting  and  withdrawing  the  glass  tube  in  each 
calorimeter.  It  is  best  for  the  teacher  to  control  the 
supply  of  steam  to  each  calorimeter  in  turn,  to  en- 
sure a  suitable  rise  of  temperature,  and  a  trial  ex- 
periment, to  judge  the  time,  should  be  made  first. 

Everyday  Applications  of  Latent  Heat. 

In  the  section  on  warming  by  steam,  mention  is 
made  of  the  large  amount  of  heat  given  out  by 
steam  in  condensing  to  water,  and  the  use  of  steam 
radiators  and  pipes  in  warming  buildings,  ships, 
railway  trains,  and  public  baths. 

After  a  fall  of  rain,  a  rise  in  temperature  is  com- 
monly observed,  because  heat  is  given  out  as  the 
water  vapour  condenses,  and  becomes  rain. 

A  heavy  deposit  of  dew  produces  similar  effects. 

A  fall  of  snow  produces  a   rise  in  temperature, 
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though  to  a  lesser  extent,  since  the  latent  heat  of 
condensation  of  steam  or  of  vaporization  of  water  is 
nearly  eight  times  as  much  as  that  of  freezing  of 
water  or  of  fusion  of  ice. 

The  most  common  application  of  latent  heat  is 
the  absorption  of  heat  produced  by  evaporating  a 
liquid.  This  has  already  been  considered  in  con- 
nexion with  dew-point,  and  very  low  temperatures 
are  secured  in  this  way.  Thus  combined  cold  and 
pressure  liquefies  ammonia  gas,  and  this  liquid  am- 
monia [N.B.  not  a  solution  of  the  gas  in  water]  if 
exposed  to  the  air,  rapidly  evaporates  in  part,  with- 
drawing heat  from  its  surroundings  in  order  to  do 
so,  to  such  an  extent,  that  it  is  a  most  powerful  re- 
frigerating agent. 

It  is  evident  that  the  part  of  the  liquid  ammonia 
which  does  not  evaporate,  is  rendered  intensely  cold 
by  the  rapid  evaporation  of  the  rest,  so  much  so 
that  it  may  become  frozen  by  the  extreme  with- 
drawal of  heat. 

In  this  way  the  low  temperatures  necessary  to 
produce  liquid  air,  etc.,  are  reached,  while  compres- 
sion and  expansion  play  an  important  part  also. 

Great  compression  tends  to  liquefy  a  gas,  but  the 
temperature  must  be  reduced  also  below  a  certain 
point  called  the  "critical  temperature ."  for  that  gas; 
for  no  amount  of  compression  alone  will  liquefy  a 
gas,  unless  below  its  critical  temperature. 
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CONDUCTION  transmits  heat  between  particle 
V_><  and  particle  in  contact,  whether  of  the  same  or 
of  different  substances.  A  kettle  lid  becomes  hot 
by  conduction  in  this  way,  partly  through  conduc- 
tion from  the  metal  surrounding  the  lid,  and  partly 
by  conduction  between  steam  and  metal. 

Radiation 

transmits  heat  from  the  sun,  from  a  fire,  from  a  hot 
body,  such  as  a  radiator  or  flat-iron,  without  appreci- 
ably warming  the  medium,  e.g.  air,  through  which 
the  heat  rays  travel.  A  night  watchman  sitting  in 
the  open  air  on  a  cold  night,  receives  a  great  deal  of 
warmth  from  his  "  bucket  "  fire  in  this  way. 

Convection 

transmits  heat  by  means  of  the  moving  particles  of 
zfluid.  Hot  air  or  hot  smoke  ascends,  and  a  lighted 
fire  creates  a  powerful  upward  draught  in  the 
chimney  above  it.  Similarly,  if  a  kettle  of  cold  water 
is  heated  from  below,  the  hot  metal  of  the  kettle 
conducts  heat  to  the  water  inside.  The  warmed 
water  expands,  becomes  lighter  bulk  for  bulk  than 
the  surrounding  cold  water,  and  streams  upwards, 
while  the  colder  water  flows  downwards  to  take  its 
place.  In  this  way  heat  causes  convection  currents 
and  produces  land  and  sea  breezes,  winds  and 
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draughts.     These  are  all  due  to  local  differences  of 
temperature. 

Experiments  on    Conduction,   Radiation,   and    Con- 
vection. 

EXERCISE  130. — Take  apiece  of  glass  tubing  or  of  glass  rod 
about  3  inches  long,  and  a  similar  length  of  metal 
tubing  or  metal  rod.  Heat-one  end  of  each  in  a  bunsen 
burner,  and  observe  which  of  the  two  conducts  the  heat 
more  rapidly  to  the  fingers. 

EXERCISE  131 . — Fit  a  piece  of  wood,  such  as  a  penholder,  into 
the  metal  tube  at  one  end,  and  use  it  as  a  handle  while 
holding  the  metal  in  the  flame. 

EXERCISE  132. — Use  a  holder  for  the  metal  tube,  made  of 
one  thickness  of  calico,  and  a  holder  made  of  one  thick- 
ness of  flannel. 

EXERCISE  133. — Fit  a  thermometer  into  a  small  flask,  so  that 
the  bulb  is  in  the  centre  of  the  flask,  and  cut  a  channel  in 
the  cork  to  allow  air  to  pass  into  or  out  of  the  flask. 
Thrust  the  body  of  the  flask  into  boiling  water  and  observe 
the  temperature  recorded  by  the  thermometer. 

EXERCISE  134. — Wrap  a  small  piece  of  ice  round  with  some 
soft  lead  fuse  wire  or  some  soft  copper  wire,  and  drop  it 
into  a  test  tube  half-full  of  water.  The  weighted  ice  sinks 
to  the  bottom.  Now,  holding  the  tube  at  an  angle  of 
45°,  heat  the  upper  half  of  the  water  until  it  boils.  The 
ice  still  remains  unmelted,  although  the  boiling  water  is 
only  a  short  distance  above  it. 

Carefully  write  down  your  conclusions  or  inferences  from 
each  experiment. 

Metals  conduct  heat  readily ;  glass  and  wood  are 
poor  conductors  of  heat  compared  with  metals. 
Calico  is  a  better  conductor  of  heat  than  flannel. 
Air  and  water  are  bad  conductors  of  heat. 

After  careful  deliberation  answer  the  following 
questions  :— 

i.  Why  does  a  copper  soldering-iron  when  hot, 
rapidly  melt  solder  if  touched  against  it  ? 
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2.  Why  is  a  blanket  a  warmer  covering  than  a 
closely  woven  cloth  rug  of  the  same  weight? 

3.  Why  are  blankets  used  to    cover   ice   on    ice 
carts  ? 

4.  Why  does  a  bird  puff  out  its  feathers  when  at 
rest  during  cold  weather? 

5.  Why  are  irons  and  metal  teapots  often  fitted 
with  wooden  handles  ? 

6.  Why   does  the    surrounding   sea    temper   the 
climate  of  an  island  ? 

Effect  of  Good  Conductors  of  Heat  in  Contact  with 
a  Flame  or  in  Contact  with  a   Hot  Liquid. 

If  a  poker  be  placed  in  a  fire,  it  conducts  away 
some  of  the  heat  of  the  fire,  and  hence  tends  to 
deaden  the  fire.  Heating  flat-irons  or  soldering-irons 
has  a  marked  effect  of  this  kind  upon  a  fire.  A  hot 
liquid  is  rapidly  cooled  if  poured  into  a  large  cold 
basin  which  conducts  away  much  of  the  heat. 
Similarly,  it  is  difficult  to  light  a  fire  in  cold  weather 
in  an  absolutely  cold  kitchen  range,  because  the 
large  masses  of  cold  iron  absorb  a  lot  of  heat  by 
conduction. 

Experiments  on  the  Effect  of  Conductivity. 

EXERCISE  135. — Light  a  bunsen  burner  and  lower  a  square 
of  fine  wire  gauze  on  to  the  flame.  The  flame  will  not 
pass  through  the  gauze,  though  coal  gas  passes  readily 
through  it.  Repeat  the  experiment  under  slightly  dif- 
ferent conditions,  placing  the  gauze  touching  the  burner, 
then  lighting  the  gas  above  the  gauze  and  lifting  the  gauze 
to  a  height  of  2  inches  above  the  burner. 

EXERCISE  136. — Make  a  spiral  of  thick  copper  wire  by  wind- 
ing some  round  a  piece  of  glass  tubing  about  a  centi- 
metre in  diameter.  Place  the  cold  spiral  over  a  candle 
flame  which  immediately  goes  out.  Heat  the  spiral  in  a 
bunsen  burner  and  place  the  hot  spiral  over  a  candle  flame. 
The  hot  spiral  has  no  effect  on  the  flame.  Repeat  the 
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last  two  experiments,  using  a  cold  flat-iron  and  a  hot  flat- 
iron  instead  of  the  copper  spiral. 

Inferences. — A  mass  of  cold  metal  can  put  out  a  flame  by 
withdrawing  heat  from  it.  Hot  metal  does  not  put  out  a 
flame  in  this  way. 

The  Davy  safety-lamp,  used  by  coal-miners,  but 
now  being  supplanted  by  electric  lamps,  has  a 
covered  wire  gauze  chimney  above  the  light%  often 
forming  an  extension  to  a  short  glass  chimney.  No 
flame  can  pass  through  the  gauze  to  fire  inflam- 
mable gases  in  the  mine,  though  air  and  the  pro- 
ducts of  combustion  pass  freely  through  gauze. 

EXERCISE  137. — Place  a  teacup  full  of  boiling  water  in  each 
of  the  following  vessels  :  (a)  a  large  stoneware  jug ;  (/>)  a 
large  cast-iron  saucepan ;  (c)  a  tinned  can  standing  on  a 
stone  slab  or  concrete  floor  ;  (d)  a  tinned  can  standing  on 
felt.  After  five  minutes'  interval  test  the  temperature  of 
the  water  in  each  vessel  and  account  for  the  varying  tem- 
peratures. 

Tea  required  for  a  picnic,  may  be  made  beforehand 
and  poured  while  boiling  hot  into  previously  warmed 
bottles,  which  should  then  be  tightly  corked  and 
wrapped  in  flannel,  towelling,  etc.  Under  these 
conditions  the  tea  will  keep  quite  hot  for  about  three 
hours — a  corkscrew  should  be  taken  to  withdraw 
the  forced-in  corks.  A  thermos  flask  is  still  better, 
being  a  double  bottle  having  the  ring-like  or  annu- 
lar space  exhausted  of  air.  This  vacuous  surround- 
ing is  the  best  non-conductor  of  heat  known,  and 
enables  the  hot  liquid  to  retain  nearly  all  its  heat 
for  many  hours — even  for  as  much  as  twenty-four 
hours.  Similarly,  of  course,  ice-cold  liquids  in  a 
thermos  flask  remain  ice-cold  for  days. 

It  will  have  been  observed,  that  a  boiled  egg  if 
wrapped  whilst  hot  in  a  serviette,  continues  to  cook 
and  usually  becomes  "  hard-boiled  ".  If  the  shell 
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be  cracked  at  one  end,  the  hot  imprisoned  gases 
immediately  escape,  and  the  egg  does  not  go  on 
cooking.  Various  "cooking-boxes"  are  in  use 
throughout  the  world  which  conserve  or  store  up 
the  heat  in  the  hot  food  put  into  them,  so  that  it 
goes  on  slowly  cooking,  or  at  least  remains  warm. 
Hay,  sawdust,  or  other  non-conducting  material  is 
used  to  surround  the  cooking  pots.  A  brightly 
polished  surface  does  not  lose  heat  as  rapidly,  nor 
absorb  heat  as  quickly,  as  a  dull  surface.  Hence,  it 
is  an  advantage  to  keep  the  sides  of  a  kettle  bright, 
and  allow  the  bottom  to  get  black. 

EXERCISE  138. — Take  a  brightly  polished  tinned  can  or  a 
new  tinned  kettle.  Measure  out  an  exact  quantity  of 
water  by  measuring  jar  from  a  bucket  full  of  cold  water, 
into  the  tinned  can  or  kettle — sufficient  to  half-fill  it. 
Place  the  vessel  and  its  contents  over  a  bunsen  burner  or 
gas-ring,  and  check  the  time  required  to  raise  the  water  to 
boiling-point.  Repeat  the  experiment  with  another  equal 
amount  of  water  from  the  same  bucket,  using  the  same 
burner  with  the  gas  supply  unaltered,  only  before  putting 
in  the  second  lot  of  water,  black  the  bottom  of  the  vessel 
with  soot  from  a  candle  flame,  or  a  mixture  of  lamp-black 
and  oil.  If  the  vessel  is  partly  filled  with  cold  water  to 
keep  the  metal  cool,  a  candle  flame  will  rapidly  deposit  a 
coating  of  soot  over  the  bottom.  When  blackened  under- 
neath, the  vessel  gets  hot  more  rapidly,  i.e.  it  becomes  a 
better  absorber  of  heat. 

Good  absorbers  are  good  radiators,  and  hence  we 
notice  that  steam  or  hot-water  radiators  in  public 
buildings  are  generally  painted  black,  or  some  colour 
which  is  nearly  black. 


CHAPTER  XXIII 
WARMING,  COOKING,  AND  VENTILATION 

The  Warming  of  Buildings — Cooking-Stoves. 

OPEN  fire-places  are  the  commonest  means  of 
warming  the  rooms  of  houses,  the  fuel  being 
either  coal,  wood,  peat,  or  specially  prepared  fuel 
derived  from  them.  The  chief  essentials  of  a  good 
fire-grate  for  warming  a  room  should  be,  (a)  a  shal- 
low fire-basket  with  a  closed  ash-pan  below,  in 
order  that  the  ashes  should  automatically  collect 
without  scattering  dust ;  (b)  fire-bars  should  be  thin 
and  vertical,  to  avoid  shading  part  of  the  fire  and 
the  dropping  of  live  coals  through  the  bars  on 
to  the  hearth  (the  best  grates  being  bar-less) ;  (c) 
some  means  for  regulating  the  draught  should  be 
fitted,  and  over-hanging  fire-bricks  to  economize  the 
heat  and  burn  the  fuel  to  the  best  advantage. 

Kitchen-ranges  are  frequently  most  inefficient, 
both  for  cooking  and  for  heating  water.  It  is  best 
to  study  the  advantages  of  a  cooking-range  at  a  re- 
putable maker's.  Modern  types  are  now  available 
which  combine  the  advantages  of  an  open  fire-place 
suitable  for  a  sitting-room,  and  a  cooking-stove,  be- 
ing convertible  at  will.  An  oven  should  always  be 
above  the  level  of  the  fire,  as  it  economizes  heat  and 
flues,  and  avoids  a  lot  of  stooping  down  to  the  oven. 

Gas- Fires  and  Gas-Stoves. 

Gas-fires  are  a  great  convenience  for  rooms 
which  are  occasionally  used,  and  for  bedrooms.  In 
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districts  where  gas  is  cheap,  they  are  not  much 
more  expensive  than  coal-fires,  and  save  much  dirt 
and  labour.  In  lighting  a  gas-fire,  turn  the  tap  on  a 
second  or  two  to  allow  the  gas  to  displace  the  air 
from  the  pipe  beyond  the  gas  tap,  turn  off,  and  then, 
bringing  a  lighted  match  or  taper  over  the  burners, 
turn  on  the  gas  which  should  light  quietly.  The 
flame  should  be  blue  and  crackle  slightly,  like  the 
flame  of  a  bunsen  when  the  inner  cone  shows 
clearly. 

Gas-stoves  and  gas-rings  are  very  useful  for  cook- 
ing, because  the  heat  can  be  regulated  exactly.  The 
same  precautions  should  be  taken  in  lighting  a  gas- 
stove  or  a  gas-ring  as  in  lighting  a  gas-fire.  The 
gas  should  never  be  turned  on  while  the  gas-oven 
door  is  shut.  Most  gas-stoves,  rings,  and  fires  can 
be  readily  taken  to  pieces,  and  all  gas  fittings  work 
much  more  efficiently  if  kept  clean  and  free  from 
dust.  A  gas-fire  should  be  disconnected  from  the 
floor  junction  once  a  year,  and  the  fuel,  flue,  burners, 
etc.,  freed  from  dust,  which  should  also  be  removed 
from  the  space  behind  the  gas-fire. 

Steam  Heating. 

Steam  heating  is  suitable  for  public  buildings, 
public  baths,  railway  carriages,  etc.,  where  it  is 
economical  to  employ  an  engineer  to  look  after  the 
necessary  furnace.  On  board  ship,  on  trains,  and 
at  public  baths  "dead  "  steam,  i.e.  steam  which  has 
passed  through  engines,  may  be  profitably  turned  to 
account  for  warming  purposes. 

One  advantage  of  steam  heating  is  that  much 
smaller  pipes  and  radiators  may  be  used,  but  the 
internal  pressure  is  more  likely  to  produce  leaks, 
the  system  is  more  noisy  in  working,  and  the 
radiators  become  scalding  hot  to  the  touch,  where- 
as hot-water  radiators  rarely  burn  the  hand. 


i44  HOUSECRAFT  SCIENCE 

Hot- Water  Warming. 

This  is  the  cheapest  form  of  warming  in  up-keep, 
though  the  original  cost  of  the  installation  is  fairly 
expensive,  but  not  more  so  than  the  cost  of  the 
ordinary  fire-places  and  chimneys  necessary  in  build- 
ing the  coal-fire  warmed  house. 

Fig.  83  illustrates  an  ordinary  domestic  hot-water 
apparatus  with  two  radiators,  60  feet  of  pipe,  and  a 
25-gallon  hot-water  tank  in  circuit.  Such  a  system 
enables  the  largest  room  and  the  hall  and  staircase 
of  an  eight-roomed  house  to  be  kept  above  50°  Fah. 
in  cold  weather,  and  supplemented  by  two  or  three 
gas-fires  for  occasional  use,  ensures  a  pleasant 
temperature  throughout  the  house  and  a  plentiful 
supply  of  hot  water,  for  a  minimum  of  labour  and 
expense. 

Only  one  fire  is  required,  the  boiler  being  con- 
structed to  burn  coke,  the  cheapest  fuel  obtainable, 
and  to  burn  for  eight  hours  without  going  out  if 
properly  charged  and  regulated. 

Such  a  boiler  is  very  clean  in  use,  being  entirely 
closed  in,  and  is  absolutely  safe  to  leave  unattended, 
since  it  is  impossible  for  a  red-hot  cinder  to  jump 
out  of  the  fire  and  set  the  room  on  fire. 

Electric  Heating. 

Though  extremely  convenient,  electric  heating  is 
the  most  expensive  form  of  heating  in  general  use, 
and  is  only  adopted  as  a  rule  in  small  rooms,  offices, 
etc.,  where  the  use  is  only  occasional. 

Temperature  of  Rooms. 

The  temperature  of  a  living-room  should  not  fall 
below  50°  Fah.  In  a  sick-room  it  should  be  60° 
Fah.,  and  a  room  is  too  hot  if  above  75°  Fah. 
(summer  heat). 


Hot  Water 
Supply 


If     :   Fire       fe 
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FIG.  83. 
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Ventilation  of  Rooms. 

In  the  section  on  elementary  chemistry,  we  shall 
consider  how  the  atmosphere  becomes  unfit  to 
breathe  through  the  action  of  animal  life,  fires  and 
combustion,  decomposition  and  decay,  and  injurious 
fumes  of  all  kinds.  Vegetable  life,  sunlight,  and 
certain  scavenging  agents  of  nature,  restore  the 
purity  of  the  atmosphere,  and  it  is  a  well-known 
fact  that  fresh  air  from  outside  is  beneficial,  while 
foul  air  which  has  been  confined  in  crowded  rooms, 
mines,  sewers,  etc.,  is  harmful.  In  order  to  secure  a 
continual  changing  of  the  air  in  a  room,  ventilation 
is  necessary,  and  it  should  allow  for  a  gentle 
current  of  air  in  continual  motion,  rather  than 
admitting  draughts. 

Many  rooms,  houses,  and  buildings  are  badly 
ventilated  through  structural  faults,  but  these  can 
often  be  remedied  by  a  little  ingenuity. 

Every  room  should  have  a  window  which  opens 
to  the  outside  air.  The  window  should  open  high 
up  if  possible,  because  the  warm,  breathed  out,  or 
expired  air  rises,  and  flows  naturally  upwards. 
Chimneys  are  good  for  ventilation  when  there  is  a 
fire  burning  to  send  the  air  up  the  chimney.  Other- 
wise a  chimney,  unless  it  communicates  directly  to 
the  outer  air  through  a  short  flue,  should  be  closed 
because  down-draughts  are  unpleasant,  often  smoky, 
and  soot-tainted. 

There  should  be  a  ventilator  in  every  bedroom, 
and  this  is  best  secured  by  having  a  "  fanlight "  or 
hinged  window  above  the  door.  Where  rooms  are 
fitted  with  casement  windows  instead  of  the  ordin- 
ary sash  windows,  hinged  fanlights  should  be  fitted 
above  the  casement  windows  to  allow  of  ventilation 
without  draughts. 

It  often  becomes  necessary  to  consider  inexpen- 
sive means  of  improving  defective  ventilation.  A 
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good  device  to  adopt  with  the  ordinary  sash  window, 
is  to  have  a  length  of  wood  i£  inches  square  section 
cut  to  fit  at  either  end  into  the  grooves  in  which  the 
lower  half  of  the  window  slides,  so  as  to  lie  flat  on 
the  wooden  sill  and  prevent  the  window  being  closed. 
This  ensures  ventilation  at  the  overlapping  of  the 
top  and  bottom  halves  of  the  window,  where  rain 
cannot  beat  in,  and  direct-down  draught  is  impos- 
sible. The  same  effect  can  be  secured  with  a  fanlight 
over  a  casement  window  by  fitting  wedges  of  wood 
on  either  side  to  prevent  the  window  quite  closing. 
Where  a  small  bedroom  has  a  window  at  one  end 
and  the  door  at  the  opposite  end,  and  ventilation  is 
required  between  the  door  and  the  window,  a  hook- 
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wire  latch,  costing  a  penny,  is  useful  (Fig.  84).  The 
hook,  with  screw-eye  attachment,  should  be  fixed 
high  up  in  the  door  frame  on  the  lock  side  of  the 
door,  with  the  other  screw-eye  an  inch  in  from  the 
edge  of  the  door,  fixed  on  the  door  itself.  The 
swinging  hook  cannot  rattle  when  the  door  is 
opened  or  shut  in  the  ordinary  way;  the  catch, 
when  fastened,  sets  the  door  permanently  "ajar" 
without  the  possibility  of  it  being  shut  by  a  draught. 
A  coat  hung  over  the  screw-eye,  before  the  catch 
is  slipped  in,  ensures  privacy  and  freedom  from 
draught,  while  ventilation  proceeds  over  the  top  of 
the  door.  A  small  scullery  where  cooking  is  done 
by  gas,  should  have  an  "  air-brick,"  i.e.  an  iron 
grating  of  the  same  size,  to  replace  one  or  two 
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bricks  in  the  wall  as  high  up  as  the  roof  will  allow, 
so  that  gas  fumes  and  cooking  vapours  may  escape. 
Strong  screw-eyes,  such  as  are  used  for  hanging 
large  pictures,  when  screwed  into  the  upper  frame 
of  a  sash  window  about  6  inches  above  the  window 
catch  on  either  side,  are  of  great  assistance  in  open- 
ing or  closing  a  window,  and  in  preventing  accidents 
from  broken  sash  cords.  Small  wooden  wedges 
may  be  hung  from  them  by  fine  string,  and  used  to 
prevent  the  windows  rattling  in  windy  weather. 


CHAPTER  XXIV 

NATURE  OF  LIGHT— PIN-HOLE  CAMERA— PHOTO- 
METRY 

Light. 

LIGHT  is  the  external  physical  cause  which  pro- 
duces the  sense  impressions  of  sight.  This 
means  that  without  some  light  it  is  impossible  to 
see  at  all.  It  is  not  correct  to  say  that  a  cat  can 
see  in  total  darkness,  though  animals  and  birds 
which  hunt  at  night  have  eyes  that  are  specially 
suitable  for  seeing  in  dusk  or  in  twilight,  or  even 
by  starlight  or  a  glimmer  of  moonlight. 

EXERCISE  139. — Enter  a  dark  room,  a  cellar,  or  a  large  dark 
cupboard  carrying  a  sheet  of  white  paper  or  a  white  hand- 
kerchief. If  any  light  enters,  the  paper  or  handkerchief 
will  be  dimly  visible  as  a  dark  grey  object.  If  no  light 
enters,  the  object  cannot  be  seen  at  all.  After  the  eyes 
have  become  accustomed  to  the  gloom,  if  it  is  during  the 
hours  of  daylight,  some  light  will  probably  be  detected 
entering  through  a  crack  of  a  grating.  The  same  retreat  at 
dusk  will  probably  appear  quite  dark  owing  to  the  very 
small  amount  of  light  which  is  then  able  to  enter. 

All  surfaces  reflect  light  to  some  extent,  and  also 
absorb  some  of  the  light  which  falls  on  them. 

Objects  which  are  seen  by  means  of  the  light 
which  they  receive  and  reflect,  are  called  non- 
luminous  or  illuminated  bodies,  while  those  which 
actually  emit  light  themselves,  such  as  the  sun,  a 
flame,  or  a  fixed  star,  are  called  self-luminous  bodies. 
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The  moon  and  the  planets  shine  by  reflected  light, 
and  are  thereforenon-luminous  or  illuminated  bodies. 
Polished  smooth  surfaces  are  good  reflectors,  and 
absorb  but  little  light,  e.g.  metals,  silvered  mirrors 
or  painted-glass  mirrors,  i.e.  glass  with  a  dark 
background  painted  on  one  side.  Dull-roughened 
surfaces,  e.g.  black  cloth,  velvet,  or  a  soot-coated 
surface,  absorb  more  light  and  reflect  less  than 
good  reflectors.  We  are  only  able  to  see  objects 
that  either  emit  light  themselves,  or  else  reflect 
light  from  another  source.  If  a  substance  allows 
light  to  pass  through  it,  it  is  called  a  medium.  The 
air,  glass,  water,  oiled  silk  or  paper,  porcelain,  are 
examples  of  mediums.  A  transparent  medium  allows 
light  to  pass  j 'reefy,  while  a  translucent  medium,  such 
as  ground  glass,  only  allows  some  light  to  pass.  An 
opaque  body,  e.g.  metal,  does  not  allow  light  to  pass, 
and  is  therefore  not  a  medium. 

Light  travels  in  straight  lines  through  the  same 
medium  if  the  medium  is  uniform.  A  ray  of  light 
is  a  mathematical  line  of  light,  a  beam  is  a  collection 
of  parallel  rays,  while  a  very  narrow  beam  is  often 
called  a  pencil  of  light.  The  velocity  of  light,  or  the 
speed  at  which  it  travels,  is  about  186,000  miles  in  a 
second,  about  eight  minutes  being  occupied  in  reach- 
ing the  earth  from  the  sun,  a  distance  of  about 
93,000,000  miles. 

The  Pin-Hole  Camera. 

EXERCISE  140. — Obtain  a  short  length  of  cardboard  tube 
about  2  inches  internal  diameter.  An  upright  incandes- 
cent mantle  box  is  suitable,  or  a  length  of  postal  tube. 
Such  a  tube  may  be  made  by  wrapping  a  piece  of  stiff, 
dark  brown  paper  round  a  piece  of  broom  handle  and 
gluing  the  layers  together.  A  similar  short  length  should 
be  made  of  brown  paper  to  slide  either  outside  or  inside 
the  first. 

Both  tubes  should  be  from  4  to  6  inches  long,  and  slide 
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within  each  other  like  the  tubes  of  a  telescope.  Cover 
one  end  of  the  larger  with  a  paper  cap,  or  with  the  card- 
board cap  supplied  with  the  incandescent  mantle  box. 
Glue  the  cap  on  light-tight,  and  make  a  central  hole,  not 
more  than  i  mm.  across,  with  a  red-hot  hat  pin  or  a 
needle.  Cover  one  end  of  the  smaller  tube  with  a  similar 
cap  of  thin  tissue  paper — a  smooth  piece  stretched  tightly 
over,  and  the  pasted  edges  held  in  position  by  cotton  tied 
round,  until  the  paste  has  set.  When  both  tubes  are  dry, 
slide  the  tissue-paper  covered  end  into  the  open  end  of 
the  larger  tube,  and  look  through  the  tissue  paper  and 
pin-hole  at  a  bright  object,  e.g.  an  electric  or  gas  light. 
Slide  the  inner  tube  backwards  and  forwards  until  a  clear 
image  is  obtained  on  the  tissue-paper.  The  image  will  be 
found  to  be  upside  down. 

The  image  or  likeness  obtained  on  the  tissue 
paper  screen,  is  produced  by  a  great  number  of  rays 
of  light  which  have  all  come  through  the  pin-hole. 
The  rays  have  converged  or  come  to  a  point  at  the 
pin-hole,  and  have  afterwards  diverged  or  spread 
out. 

Experiment  to  Illustrate  Inversion  of  the  Image. 

EXERCISE  141. — Take  a  small  piece  of  scrap  paper  and  a 
new  coin  or  one  of  recent  issue.  Place  the  coin  exactly 
upright  beneath  the  paper,  and  by  rubbing  a  blacklead 


FIG.  85. 

pencil  on  the  upper  side  of  the  paper  obtain  a  tracing  of 
the  coin.  Now  place  the  coin  exactly  upside  down  be- 
neath the  paper,  at  a  distance  of  about  3  inches  from  the 
first  tracing,  and  obtain  a  second  tracing.  Two  impres- 
sions will  then  have  been  obtained,  as  in  Fig.  85. 


i52  HOUSECRAFT  SCIENCE 

Using  a  ruler  and  a  hard,  sharp-pointed  pencil,  join  up 
several  of  the  corresponding  points  on  the  two  impressions, 
and  it  will  be  observed  that  the  lines  all  cross  at  one  point. 
Repeat  the  experiment  with  two  different-sized  coins  simi- 
larly marked,  e.g.  a  penny  and  a  halfpenny,  and  the  same 
effect  is  observed. 

In  a  pin-hole  camera  or  in  a  photographic  camera, 
whether  the  image  is  of  the  same  or  of  different  size 
from  the  object,  it  always  appears  inverted,  because 
the  rays  which  form  it  have  passed  through  a  com- 
mon point  or  a  focus  as  it  is  usually  called 

The  Reading-Glass  or  Burning-Glass. 

Examine  an  ordinary  reading-glass  fitted  in  a 
metal  rim  with  a  wooden  handle.  Such  a  magnify- 
ing-glass,  about  2\  inches  diameter,  of  ordinary 
quality,  costs  about  is.  6d.  A  botany  hand  magni- 
fying-glass  could  be  used. 

These  glasses  are  bi-convex  or  double  convex, 
i.e.  they  bulge  outwards  in  the  centre  on  both  sides, 
and  a  piece  of  glass  of  this  shape  is  described  as  a 
double  convex  lens.  The  " bull's-eye"  of  a  cycle 
lamp  is  generally  a  plano-convex  lens,  i.e.  flat  or 
plane  on  the  side  next  the  flame,  and  convex  or 
bulged  outwards  in  the  centre  on  the  outside  of  the 
lamp. 

Hold  the  bi-convex  lens  between  the  back  of  your 
left  hand  and  a  source  of  light,  and  move  the  lens 
toward  or  away  from  your  hand  until  a  bright  spot 
about  i  inch  in  diameter  appears  on  your  hand. 
This  should  be  done  cautiously  in  sunlight,  because 
a  bi-convex  lens  concentrates  or  brings  to  a  point 
or  focus,  both  light  and  heat  rays.  Paper  may  be 
set  on  fire  by  such  a  "  burning-glass  ". 

The  Photographic  Camera. 

This  consists  of  a  dark  box  with  the  sides  made 
of  leather  in  folds,  so  that  the  front  may  be  brought 
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nearer  or  further  from  the  back  when  required  for 
focussing,  i.e.  obtaining  clear  detail  of  the  object. 
The  lens  in  front  is  bi-convex,  like  a  reading-glass, 
and  collects  all  the  rays  which  fall  upon  it,  bringing 
them  to  a  point  or  focus,  much  better  than  a  pin- 
hole  (see  Fig.  86). 

A  diaphragm,  similar  to  the  coloured  part  of  the 
eye  or  iris,  regulates  the  amount  of  light  passing 
through  the  lens.  The  aperture  used  is  commonly 
called  the  stop  in  photography,  because  the  iris  dia- 
phragm is  used  in  partially  stopping  up  the  lens. 

At  the  back  of  the  camera  is  a  screen  of  ground 
glass  which  receives  the  inverted  image  from  the 
lens.  When  the  image  is  focussed  in  clear  detail  on 


FIG.  86. 

the  ground  glass,  the  shutter  is  closed,  or  the  lens  is 
covered  by  a  cap,  and  a  sensitive  plate  or  film  is  sub- 
stituted for  the  screen.  An  exposure  of  the  plate 
or  film  is  then  made,  regulated  by  the  shutter  which 
works  to  definite  intervals  of  time,  e.g.  TJ^,  3*$,  ^V» 
£,  J,  i  second,  etc.  The  plate,  or  film,  after  develop- 
ing in  a  dark-room  or  covered  tank  is  "fixed,"  i.e. 
rendered  permanent,  and  then  becomes  the  negative 
from  which  photographs  are  printed.  It  is  so  called 
because  the  light  part  of  the  object  appears  black, 
and  the  dark  part  light.  A  transparent  photograph 
on  glass  may  be  used  as  a  lantern  slide. 

Intensity  of  Light, — Photometry. 

The  intensity  of  the  illumination  produced  by  a 
source   of  light   is   inversely   proportional    to    the 
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square  of  the  distance  from  the  source,  e.g.  at  twice 
the  distance  the  same  sized  area  receives  (i)2  or  J  of 
the  light. 

Experiment  on  Intensity  of  Illumination. 

EXERCISE  142. — Take  an  ordinary  plain  post-card  3^  inches 
by  5-^  inches.  Pin  a  sheet  of  drawing-paper  on  a  drawing- 
board,  and  fix  the  board  upright  on  the  bench  by  means  of 
a  retort  stand  and  clamp.  Place  a  lighted  candle  exactly 
a  metre  distant,  measured  by  a  metre  scale.  A  glass  ink- 
well, or  a  flat  cork  with  a  pin  pushed  right  through  from 
below  so  as  to  stick  into  the  lower  end  of  the  candle,  will 
do  for  a  temporary  candlestick. 

Holding  the  post-card  exactly  over  the  50  cm.  mark,  i.e. 
half-way  between  the  candle  flame  and  the  drawing-board, 
let  the  entire  shadow  of  the  card  fall  on  the  drawing- 
paper.  The  shadow  is  found  to  be  twice  as  wide  and 
twice  as  long  as  the  post-card,  ex  four  times  the  area  of  the 
post-card ;  i.e.  the  same  area  as  the  post-card,  at  twice  the 
distance,  receives  only  (-|)2  or  J  of  the  light  which  falls  on 
the  card  at  the  original  distance. 

The  Grease-Spot  Photometer. 

EXERCISE  143. — Take  the  lid  of  a  cardboard  box  about  12 
inches  by  6  inches  or  larger,  and  cut  out  a  4-inch  square 
in  the  centre  of  the  lid.  Paste  a  piece  of  thin  white  paper 
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over  the  hole,  common  note  paper  or  typewriting  paper  is 
suitable  (Fig.  87). 

The  paper  should  be  stretched  tightly.     If  it  is  previously 
wetted  and  pressed  between  blotting-paper,  it  will  have 
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stretched  sufficiently  to  become  tight  when  it  shrinks  in 
drying.  The  cardboard  lid  may  be  fastened  by  tacks  to  a 
piece  of  wood  of  square  section  as  shown  in  the  figure. 
When  the  paper  is  quite  dry,  melt  a  little  lard  in  a  tea- 
spoon, and  by  touching  the  melted  lard  with  the  tip  of  the 
little  finger,  transfer  a  drop  of  melted  lard  to  the  centre  of 
the  white  paper.  The  grease-spot  so  obtained  should  be 
about  |  inch  in  diameter. 

Rule  a  straight  chalk  line,  a  metre  long,  on  your  bench. 
Using  a  flat  tin  lid  or  small  piece  of  flat  wood  about  4 
inches  square,  fix  four  candles  upright  close  together,  i.e. 
about  an  inch  apart,  at  the  corners  of  a  square  or  touch- 
ing one  another  in  a  straight  line,  and  similarly  fix  one 
candle  upright  by  itself. 

The  room  must  now  be  darkened  and  the  candles  lit,  the 
cluster  of  four  being  placed  on  one  side  of  the  grease- 
spot,  on  the  chalk  line,  and  the  single  candle  on  the 
other  side,  also  on  the  chalk  line,  which  should  pass  im- 
mediately below  the  centre  of  the  grease-spot. 

By  moving  the  candles  or  grease-spot  photometer,  a  position 
will  be  obtained  in  which  the  grease-spot,  viewed  from 
either  side,  is  practically  invisible.  This  is  because  the 
light  from  both  sources  is  so  arranged  that  an  equal 
amount  passes  through  in  opposite  directions  from  both 
sides.  The  paper  surrounding  the  grease-spot  transmits 
less  light  than  the  grease-spot,  but  reflects  more.  Hence, 
when  there  is  apparently  no  difference  in  appearance 
between  the  grease-spot  and  the  surrounding  paper,  it 
is  evident  that  the  paper  with  its  grease-spot  is  equally 
illuminated  on  both  sides.  Chalk  marks  should  now  be 
made  round  the  bases  of  the  photometer  and  candlesticks, 
and  it  will  be  found  that  when  the  illumination  is  equal 
on  both  sides,  the  four  candles  are  twice  the  distance  from 
the  grease-spot  that  the  one  candle  must  be,  proving  that 
the  intensity  of  illumination  is  inversely  proportional  to 
the  square  of  the  distance  from  the  source  of  light. 

The  grease-spot  photometer  is  useful  for  compar- 
ing the  illuminating  power  of  any  source  of  light 
with  that  of  a  standard  candle,  and  so  we  describe 
a  light  as  being  of  so  many  candle-power.  A  steady 
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light  is  of  greater  value  than  a  flickering  light,  and 
some  brilliant  lights,  such  as  the  electric  arc  lamp, 
flicker  too  much  for  reading  or  writing  by,  while 
suitable  to  illuminate  streets,  railway  yards,  etc. 
Flares  of  various  types  used  for  night  signalling, 
and  by  contractors  doing  all-night  open-air  work, 
are  flickering;  though  brilliant,  illuminants. 


CHAPTER  XXV 
REFLECTION— REFRACTION— LENSES 

The  Reflection  of  Light. 

IT  has   already   been   shown   that   non-luminous 
bodies   become    absolutely    invisible   in    total 
darkness,  and  are  only  visible  when  they  are  able  to 
reflect  light. 

Experiments  on  Reflection  of  Light. 

EXERCISE  144. — Pin  a  sheet  of  drawing-paper  on  a  half  im- 
perial board.  Rule  a  straight  line  centrally  across  the 
width  of  the  paper,  and  place  a  strip  of  mirror  glass  upright, 
with  the  silver  surface  over  the  line  drawn.  Usually  a  block 
of  wood  is  glued  to  the  back  of  the  mirror  to  keep  it  up- 
right, or  an  upright  pin  can  be  placed  behind  it,  with  two 
others  in  front  at  the  extreme  ends  of  the  strip.  Rule  a 
line  at  right-angles,  using  a  set  square,  from  the  centre  of 
the  bottom  edge  of  the  mirror  about  6  inches  long.  This 
line  is  a  normal  to  the  mirror,  and  any  line  drawn  at  right- 
angles  to  a  mirror  surface  is  a  normal  (see  Fig.  88). 

Fix  a  pin  upright  on  the  normal  about  6  inches  distant. 
On  looking  into  the  mirror  along  the  normal,  a  likeness 
of  the  pin  called  an  image  is  seen  in  the  mirror  Now 
place  several  other  pins  along  the  same  line  nearer  the 
mirror.  On  looking  along  the  row  of  pins,  a  series  of 
corresponding  images  may  be  seen  in  the  mirror  in  the 
same  straight  line.  This  proves  that  when  a  ray  of  light, 
represented  by  the  line  joining  the  pins,  strikes  the  mirror 
as  a  normal,  i.e.  at  right-angles  to  it,  the  reflected  ray,  re- 
presented by  the  ray  in  line  with  the  images,  emerges  from 
the  mirror  at  the  same  angle,  i.e.  it  is  not  deflected  at  all. 
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Now  remove  all  the  pins  and  place  one  pin  upright,  touching 
the  glass  on  the  normal.  It  may  be  necessary  to  shift  the 
mirror  strip,  which  can  then  be  replaced  over  the  original 
line  drawn,  and  touching  the  pin.  Place  two  pins  A  and  B 
in  a  line  with  the  first,  in  the  position  shown  in  Fig.  88. 
Remove  the  pin  which  is  touching  the  glass,  and  place  two 
other  pins  C  and  D,  as  shown  in  Fig.  88,  in  a  line  with  the 
images  of  A  and  B.  Now  take  away  the  pins  and  join  up 
the  pinholes  left  by  A  and  B,  continuing  the  line  to  the 
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FIG.  88. 

normal.  Similarly,  join  up  the  pinholes  left  by  C  and  D. 
Measure  the  angles  made  by  the  two  lines  with  the  normal, 
and  it  will  be  found  that  they  are  equal. 
The  line  joining  the  first  set  of  pins  represents  the  incident 
ray.  This  makes  the  same  angle  with  the  normal  as  the 
line  joining  the  second  set,  which  being  in  the  same  straight 
line  with  the  images  of  the  first  set  represents  the  reflected 
ray.  The  point  of  incidence  is  where  the  incident  ray 
strikes  the  mirror. 

Laws  of  Reflection. 

1.  The   incident   ray,  the  reflected  ray,  and   the 
normal  at  the  point  of  incidence   are  in  the  same 
plane. 

2.  The  angle  of  incidence  is  equal  to  the  angle  of 
reflection. 
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Mirrors  at  an  Angle. 

If  two  mirrors  be  placed  at  right-angles  to  each 
other,  and  an  object  be  placed  between  them,  three 
images  may  readily  be  distinguished.  Two  of  these 
are  just  ordinary  images  and  the  third  is  a  reflection 
of  an  image.  It  is  easy  to  stand  in  front  of  a  dressing- 
table  mirror  with  a  hand  mirror,  and  by  holding  the 
hand  mirror  at  a  suitable  angle  behind  the  head,  to 
examine  the  reflection  of  the  back  of  the  head  shown 
by  the  hand  mirror  as  a  reflection  in  the  dressing- 
table  mirror. 

Similarly,  the  inner  side  of  the  front  teeth  in  the 
upper  jaw  may  be  viewed  by  means  of  a  small  mirror 
placed  in  the  mouth,  or  partly  in  the  mouth,  and  the 
image  reflected  into  a  larger  mirror. 

Both  the  dentist  and  the  doctor  use  small  mirrors 
for  viewing  the  teeth,  throat,  and  eyes.  Silvered 
glass  reflectors  are  used  above  electric  lights  in 
lighthouse  reflectors,  etc.,  and  polished  metal  re- 
flectors are  used  in  cycle  and  carriage  lamps. 

The  Periscope. 

This  instrument,  in  its  simplest  form,  consists  of 
two  parallel  mirrors,  each  sloping  at  half  a  right- 
angle  or  45°  to  the  horizontal.  The  upper  mirror 
reflects  a  horizontal  ray  vertically  downwards  on  to 
the  lower  mirror,  which  reflects  it  horizontally 
again,  but  at  a  lower  level. 

The  periscope  is  used  in  submarines,  and  in 
trench  warfare,  for  observation  purposes. 

Refraction. 

In  examining  the  reading-glass,  we  found  that  a 
double  convex  or  bi-convex  lens  bends  the  rays 
which  pass  through  it,  bringing  them  to  a  point  or 
focus.  The  bending  of  a  ray  of  light  in  passing  from 
one  medium  to  another  is  called  refraction. 
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Experiments  on  Refraction  of  Light. 

EXERCISE  145. — Refraction  through  a  Glass  Prism. — Place  a 
glass  prism  with  one  of  its  triangular  ends  resting  centrally 
on  a  sheet  of  paper,  and  trace  round  the  glass  prism  in 
order  to  mark  its  exact  position.  Place  two  pins  in  the 
positions  of  A  and  B  (Fig.  89),  each  touching  the  glass. 
It  may  be  necessary  to  remove  the  prism  while  A  and  B 
are  inserted,  and  in  this  case  the  prism  should  be  replaced 
in  the  original  position.  On  looking  at  A  in  the  direction 
CA,  a  position  will  be  found  in  which  the  two  pins  A,  B 


FIG.  89. 

appear  in  a  straight  line.  Place  the  pin  C  in  this  straight 
line.  On  looking  at  B  in  the  direction  DB,  a  position  will 
be  found  in  which  B,  A,  and  C  appear  in  one  straight  line. 
Place  the  pin  D  in  this  straight  line.  Remove  the  prism 
and  pins,  and  join  up  CA,  AB,  BD.  Produce  CA  and 
DB  to  meet  at  E,  and  draw  lines  at  right-angles  to  the 
prism  at  A  and  B  as  normals.  CA  represents  the  incident 
ray,  the  angle  CED  the  angle  of  deviation,  BD  the  emer- 
gent ray. 

The  ray  of  light  is  bent  at  A  and  again  at  B.  Repeat  the 
experiment  using  a  rectangular  glass  block  instead  of  a  glass 
prism.  The  ray  is  twice  bent  as  before,  but  the  emergent 
ray  is  parallel  to  the  incident  ray. 
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Laws  of  Refraction. 

1.  The  incident    ray,  the  refracted  ray,  and  the 
normal  are  all  in  one  plane. 

2.  The  incident  and  refracted  rays  are  on  opposite 
sides  of  the  normal. 

Apparent  Depth  of  Water. 

EXERCISE  146. — Obtain  a  large  white  enamelled  bowl 
about  12  or  14  inches  diameter.  Fill  it  to  within  an  inch 
of  the  top  with  water,  and  then  hold  an  ordinary  flat  foot- 
rule  or  a  half-metre  scale  at  a  slope  of  about  30°,  half  in 
and  half  out  of  the  water.  Look  at  the  rule  or  scale  from 
above,  viewing  it  as  you  would  view  your  pen  in  your 
hand  whilst  writing.  Where  the  rule  passes  through  the 


FIG.  90. 

water  surface,  it  appears  to  be  bent  so  that  the  lower  por- 
tion does  not  appear  in  the  same  straight  line  as  the 
upper  portion.  The  effect  of  this  bending  is  to  bring  the 
lower  end  of  the  rule  apparently  nearer  to  the  surface,  and 
is  due  to  refraction  of  light. 

Empty  the  water  out  of  the  basin  and  place  a  penny  on  the 
bottom  of  the  empty  basin.  Stand  so  that  you  can  only 
just  see  the  edge  of  the  penny  over  the  rim  of  the  basin, 
and  so  that  most  of  the  coin  is  hidden  by  the  rim  of  the 
basin.  Get  somebody  else  to  pour  water  gently  into  the 
basin  to  a  depth  of  several  inches  without  disturbing  the 
coin,  and  you  will  find  that  the  coin  is  quite  easily  seen. 
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Fig.  90  shows  the  effect  of  the  water  in  bending  the  rays 
as  they  reach  the  surface  from  the  submerged  object  so 
that  a  ray  which  comes  from  A  really  appears  to  come 
from  B. 

Hence  the  depth  of  clear  water  cannot  be  judged  by  the 
eye  on  account  of  refraction. 

Lenses. 

We  shall  only  briefly  refer  to  ordinary  glass  or 
rock-crystal  lenses  in  common  use  in  optical  instru- 
ments, spectacles,  etc.  The  bi-convex  and  plano- 
convex lenses  have  already  been  illustrated  (see  A, 
B,  Fig.  91).  The  meniscus  curve  of  water  in  a 
measuring  jar  is  similar  to  section  C  of  a  converging 
meniscus,  D  being  a  diverging  meniscus,  E  and  F 
double  concave  and  plano-concave  lenses  respec- 
tively. 


FIG.  91. 

A  bi-convex  lens  drawn  in  section,  is  somewhat 
similar  to  the  section  of  two  triangular  prisms  drawn 
base  to  base. 

A  double  concave  lens  drawn  in  section,  is  some- 
what similar  to  the  section  of  two  triangular  prisms 
drawn  point  to  point. 

We  found  in  our  examination  of  the  reading-glass, 
that  a  bi-convex  lens  brings  rays  which  fall  upon  it 
to  a  point  or  focus.  The  effect  of  refraction  in  this 
kind  of  lens  is  to  cause  rays  which  pass  through  it 
to  converge. 

It  will  be  readily  seen  by  comparison  with  the 
action  of  a  triangular  prism,  that  the  double  concave 
lens  causes  rays  which  pass  through  it  to  diverge  by 
refraction. 
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Spectacles  and  Defects  of  Vision. 

Short  sight  or  Myopia  is  defective  for  distant 
objects.  This  is  due  to  excessive  refraction  of  the 
crystalline  lens  of  the  eye,  and  is  therefore  corrected 
by  concave  glasses. 

Long  sight  or  Hypermetropia  is  defective  for  near 
objects,  due  to  insufficient  refraction  of  the  crystal- 
line lens  of  the  eye  and  is  therefore  corrected  by 
convex  glasses. 

Astigmatism  is  a  defect  due  to  light  entering  the 
eye  from  a  horizontal  direction,  being  refracted  to 
a  different  degree  from  light  entering  vertically. 
Lenses  of  cylindrical  curvature  are  needed  to  cor- 
rect astigmatism. 

To  preserve  the  eyesight,  objects,  writing  or 
print,  should  never  be  viewed  nearer  than  ten  inches 
distant.  The  light  should  fall  on  the  object  from 
above  the  eye-level,  and  when  writing,  from  the 
left. 


CHAPTER  XXVI 


FAMILIAR  OPTICAL  INSTRUMENTS 

WE    have    already   studied    the    photographic 
camera,  and  will  now  briefly  discuss  the 
magic  lantern  or  optical  lantern,  the  telescope,  the 
opera  glass,  and  the  microscope. 

The  Magic  Lantern. 

A  bright  light,  within  the  body  of  the  lantern,  is 
passed  through  a  condenser,  which  acts  like  a  read- 
ing-glass in  collecting  the  light  and  concentrating  it 
upon  the  transparent  glass  slide.  The  slide  holder 
is  placed  between  the  condensing  lenses,  and  the 


FIG.  92. 

"objective"  or  projecting  lenses  which  throw  an 
inverted  magnified  image  of  the  slide  on  the  screen. 
Hence  the  operator  must  put  the  slides  into  the  slide 
carrier  upside  down.  If  a  tightly  stretched  thin 
sheet  is  used  the  picture  shows  through  the  screen 
also  (Fig.  92). 
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The  Astronomical  Telescope. 

This  differs  from  the  ordinary  landscape  telescope 
in  giving  an  inverted  image.  An  extra  set  of  lenses 
in  the  latter  restores  the  correct  position  of  the  ob- 
ject as  seen  by  the  unaided  eye. 


FIG.  93. 

The  object  glass  is  a  lens  of  considerable  focal 
length  and  forms  an  inverted  image  B  of  the  object 
A.  The  eyepiece  magnifies  this  image  so  that  it 
appears  to  be  larger  and  situated  at  C. 

The  Opera  Glass. 

This  is  really  a  double  telescope  to  be  used  by 
both  eyes  together  and  generally  for  a  rather  short 
range.  As  in  the  telescope  the  object  glass  alone 
would  produce  an  inverted  image  ;  but  the  eyepiece, 


FIG.  94. 

which  is  a  double  concave  lens,  is  so  placed  that  the 
rays  from  the  object  lens  converge  on  the  eyepiece 
which  makes  them  appear  to  diverge  to  the  eye. 
The  image  seen  by  the  eye,  therefore,  is  correct  as 
regards  position,  and  is  magnified  by  the  eyepiece. 

The  Compound  Microscope. 

In  principle  this  instrument  is  similar  to  the  as- 
tronomical telescope,  except  that  the  "objective,"  or 
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lens  near  the  object,  is  of  very  short  focal  length,  i.e. 
it  rapidly  brings  the  rays  to  a  focus.     The  eyepiece 


FIG.  95. 

of  the  instrument  is  a  powerful  magnifier,  and  as  in 
the  astronomical  telescope  the  image  is  inverted 
(Fig.  95). 

EXERCISE  147. — Look  through  the  eyepiece  of  a  compound 
microscope  and  adjust  the  reflecting  mirror  below  the  slide 
carrier,  so  that  the  brightest  circle  of  light  possible  is  ob- 
tained. Place  a  simple  slide,  such  as  a  stem  section,  under 
the  objective,  and  focus  until  clear  detail  is  obtained. 
Move  the  slide  slightly,  and  notice  that  as  the  slide  moves 
from  left  to  right,  the  image  in  the  microscope  appears  to 
move  from  right  to  left. 

The  Spectrum. 

A  ray  of  sunlight  passing  through  a  prism  may 
produce  a  coloured  rainbow  band  or  a  "spectrum  ". 
This  is  because  sunlight  consists  of  coloured  rays 
blended  together.  The  three  primary  colours  are 
red,  yellow,  and  blue,  and  seven  colours  of  the  rain- 
bow are  produced  by  the  gradations  and  admixtures 
of  the  primary  colours,  Starting  with  a  very  deep 
shade  of  blue,  we  have  violet,  indigo,  blue,  green, 
yellow,  orange,  red.  It  will  be  readily  seen  that 
violet  and  indigo  are  shades  of  blue,  while  green  and 
orange  are  intermediate  compared  with  the  primary 
colours  between  which  they  are  found.  It  is  de- 
sirable to  memorize  VIBGYOR  and  also  infra-red 
and  ultra-violet.  The  violet  rays  are  refracted  most. 
The  red  rays  are  refracted  least,  and  are  the  least 
chemically  active. 


FAMILIAR  OPTICAL  INSTRUMENTS     167 

N.B. — Sensitive  plates  are  developed,  packed,  etc., 
in  red  or  orange  light 

EXERCISE  148. — When  a  bright  sunny  day  is  available,  place 
a  glass  triangular  prism  on  a  triangular  end  over  a  sheet 
of  white  paper  and  gradually  rotate  it  in  sunlight  until  a 


FIG.  96. 

rainbow  band  is  formed  on  the  paper.  Note  the  order  of 
the  colours  in  the  band,  and  which  colour  has  been  re- 
fracted most  in  coming  through  the  prism  (see  Fig.  96). 

Sunlight  is  composite  as  distinct  from  mono-chro- 
matic light,  the  former  being  a  blend  of  coloured 
rays,  the  latter  one  colour  only. 

Refraction  by  raindrops  occurs  under  certain 
conditions  in  nature  and  forms  the  rainbow,  and 
a  miniature  rainbow  may  often  be  seen  on  a  bright 
day,  just  by  a  waterfall,  or  over  the  paddle-box  of 
a  steamboat  when  water  spray  is  continuously 
thrown  up. 

The  Spectroscope. 

This  instrument,  often  conveniently  in  pocket 
form,  may  consist  of  a  brass  tube  about  6  inches 
long  containing  several  prisms  and  an  eyepiece 
with  a  small  slit  at  one  end.  A  narrow  band  of 
sunlight  comes  through  the  slit,  is  refracted  by 
each  prism  in  turn,  and  as  observed  through  the 
eyepiece,  appears  as  a  clear  rainbow  spectrum 
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crossed   by   many   fine   black   lines.      These   lines 
denote  the  presence  of  certain  elements  in  the  sun. 

Colour. 

Colour  is  due  to  the  nature  of  the  light  which 
falls  upon  a  body,  as  well  as  upon  the  kind  of  body 
itself. 

Blue  glass  absorbs  the  coloured  rays  of  composite 
light  except  blue,  red  glass  absorbs  all  but  red,  etc. 
Red  cloth  reflects  red  rays,  and  absorbs  the  others 
if  it  is  sufficiently  thick  to  prevent  light  passing 
through  it.  Red  cellular  or  semi-transparent  under- 
clothing is  frequently  used  in  the  tropics,  because  the 
orange  and  red  rays  do  not  have  any  harmful  effect 
on  the  body,  whereas  the  blue  rays  or  "actinic" 
rays  are  those  which  produce  sunstroke  and  in- 
jurious heat  effects.  Red  cellular  material,  or  red- 
glazed  linen  used  for  blinds,  allows  red  rays  to  pass. 

Colour  Blindness. 

Certain  primary  sensations  of  sight  apparently 
convey  the  impression  of  colour.  Thus  a  normal 
vision  will  detect  red  in  any  shade  of  red-brown  or 
purple.  Just  as  the  crystalline  lenses  of  the  eyes 
may  be  defective  and  require  correction  by  suitable 
spectacles,  so  one  or  more  of  the  impressions  of 
colour  may  be  defective,  e.g.  the  red  sensation  may 
be  wanting  or  red  may  be  confused  with  yellow. 
Shades  of  grey,  brown,  and  green  are  most  restful 
to  the  eyes,  and  these  are  the  colours  which  nature 
so  frequently  repeats  in  great  masses. 


CHAPTER  XXVII 
MAGNETISM 

IN  very  ancient  times  a  certain  kind  of  iron  ore 
was  discovered  to  act  as  a  magnet,  i.e.  it  at- 
tracted iron  or  steel.  Later  on  it  was  found  that 
iron,  and  especially  steel,  when  rubbed  with  this 
natural  magnetic  iron  ore,  also  be- 
came magnetic. 

The  Chinese  then  discovered  that 
a  needle-shaped  magnet  when  freely  FlG     _ 

suspended,  pointed  almost  due  north 
and  south.      This  enabled  them  to  pilot  caravans 
across  deserts,  and  gave  the  name  " lodestone"  or 
leading-stone,  to  the  natural  magnet. 

EXERCISE  149. — Take  a  knitting-needle  or  a  piece  of  clock- 
spring  and  a  strong  horse-shoe  magnet.  Stroke  the 
needle  or  the  clock-spring,  in  one  direction  only,  with  the 
magnet.  Test  the  magnetization  of  the  needle  or  clock- 
spring  by  placing  it  in  contact  with  a  steel  pen-nib  or  iron 
filings.  Where  does  the  magnetization  appear  strongest? 
Does  the  middle  of  the  needle  or  spring  have  much 
magnetism?  Break  the  spring  or  needle  in  two,  and  test 
again.  Note  that  the  ends  of  the  broken  pieces  are 
strongly  magnetic,  whereas  those  portions,  when  joined, 
showed  very  little  magnetism. 

Make  two  paper  stirrups  and  hang  two  magnetized  needles 

in  them,  each  suspended  by  a  single  silk  thread.     Do  both 

needles  point  the  same  way  ?     Find  out  the  direction  in 

which  the  needles  point  by  reference  to  a  pocket  compass, 
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to  the  sun,  or  to  your  knowledge  of  the  direction  of  streets, 
etc.,  in  your  neighbourhood.  Bring  the  two  needles  near 
each  other  so  that  their  ends  which  point  in  the  same 


direction  approach  each  other.  These  ends  repel  or  re- 
pulse each  other.  Now  bring  ends  pointing  in  opposite 
directions  near  each  other,  when  they  are  seen  to  attract 
each  other. 

Two  points  near  the  ends  of  a  magnetic  needle 
where  the  magnetic  power  acts  most  strongly  are 
called  poles ;  one  is  the  north-pointing  pole  and  the 
other  the  south-pointing  pole. 

Like  Poles  Repel  while  Unlike  Poles  Attract. 

It  therefore  follows  that  the  earth,  which  is  a 
huge  magnet,  has  the  magnetism  of  its  north  mag- 
netic pole  of  the  opposite  kind  to  that  of  the  north- 
pointing  pole  of  a  magnetic  needle,  otherwise  they 
could  not  attract  each  other.  The  north  pole  of  a 
magnetic  or  compass  needle  is  of  course  the  north- 
pointing  pole.  It  is  generally  coloured  blue  in  a 
compass  to  distinguish  it,  and  points  not  to  the  true 
north  or  geographical  north,  but  to  the  north  mag- 
netic pole,  situated  in  North  America  about  mid- 
way between  the  Arctic  circle  and  the  geographi- 
cal north  pole.  Its  position  varies  slightly  in  the 
course  of  years,  as  the  magnetism  of  the  earth 
slowly  changes. 
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The  Molecular  Theory  of  Magnetism. 

We  previously  found  that  heat  is  supposed  to  be 
a  form  of  molecular  vibration,  because  this  theory 
of  heat  best  explains  the  known  facts  about  heat. 
In  the  same  way  the  magnetic  properties  of  any 
substance  are  best  understood  by  supposing  that 
the  separate  molecules  are  each  magnets  having  a 
north-pointing  and  south-pointing  pole.  It  depends 
on  the  arrangement  of  these  molecular  magnets, 
whether  the  substance  as  a  whole  acts  as  a  magnet. 
Now  the  same  horse-shoe  magnet  may  be  used  to 
magnetize  any  number  of  knitting-needles  without 
appreciably  becoming  any  weaker  in  its  own  mag- 
netism. Hence  it  does  not  share  its  magnetism,  or 
part  with  some  of  it  to  each  needle,  but  apparently 


FIG.  99.  FIG.  ioo. 

exerts  a  directive  effect  upon  the  molecules  of  the 
knitting-needles,  so  that  all  of  one  kind  of  magnetic 
pole  point  one  way,  while  all  of  the  other  kind  of 
magnetic  pole  point  the  other  way. 

Suppose  Fig.  99  represents  the  haphazard  ar- 
rangement of  molecular  magnets  in  a  piece  of  steel 
like  a  needle. 

Fig.  ioo  shows  another  arrangement  in  which, 
after  being  magnetized  by  a  horse-shoe  magnet,  the 
molecular  magnets  are  arranged  in  parallel  rows  so 
that  unlike  poles  NS  neutralize  each  other  to  a 
great  extent,  but  free  or  un-neutralized  magnetic 
poles  are  found  at  either  end  of  the  piece  of  steel  NS. 

This  explains  why  the  magnetism  of  a  steel  needle 
is  strongest  near  the  ends  of  the  needle. 

Fig.  10 1  shows  another  possible  arrangement  of 
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the  molecules  in  a  piece  of  steel  after  being  mag- 
^___  _    __     netized,  which  gives  free  mag- 

netic poles  at  the  ends  and  also 

Es^gaaaaaaSggffggaaa-g^d  ,  ^  .  ,  -  , 

along  the  sides  near  the  ends. 
FlG>  IOI>  This  arrangement  is  more  in 

accordance  with  the  observed  facts  than  that  of  Fig. 
100. 

EXERCISE  150.  —  Fix  a  bar  magnet  horizontally,  as  in  Fig. 
102,  and  having  magnetized  a  short  sewing-needle,  suspend 
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FIG.  102. 


the  needle  horizontally  by  a  silk  thread.  On  slowly  mov- 
ing the  suspended  needle  over,  below,  and  around  the  bar 
magnet,  it  takes  up  positions  as  shown  in  the  figure. 

The  space  around  the  magnet  in  which  its  mag- 
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FIG.  103. 
netic  force  is  exerted  is  called  its  magnetic  field,  and 
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any  line  of  force  in  the  magnetic  field  shows  one 
direction  of  the  magnetic  force  traversing  the  field. 

Fig.  103  gives  an  idea  of  the  magnetic  field  sur- 
rounding a  bar  magnet,  the  dotted  lines  being  lines 
of  force  similar  to  the  curves  traced  by  the  needle 
in  Fig.  102. 

Plate  I,  facing  the  title-page,  shows  by  a  photo- 
graph of  iron  filings  scattered  on  white  paper,  how 
two  powerful  unlike  magnetic  poles,  such  as  the 
ends  of  a  large  horse-shoe  magnet,  placed  just  be- 
neath the  paper,  cause  the  filings  to  form  curves  or 
lines  of  magnetic  force,  between  the  two  poles. 


CHAPTER  XXVIII 
ELECTRO-MAGNETS  AND  ELECTRIC  BELLS 

Electrical  Attraction  and  Repulsion. 

EXERCISE  151. — Rub  a  vulcanite  rod  or  a  fountain  pen  with 
a  soft  piece  of  woollen  material,  e.g.  on  the  sleeve  of  your 
coat.  It  will  now  attract  small  pieces  of  tissue-paper, 
placed  as  small  shreds  upon  a  table,  if  held  over  them. 
Similarly,  rub  a  piece  of  stout  glass  rod  or  tube  with  silk, 
and  the  same  attraction  towards  shreds  of  tissue-paper 
may  be  observed. 
EXERCISE  152. — Now  take  a  small  ball  of  dry  pith,  or  a 

small  ball   of   dry,    crumpled   tissue-paper,   and 

^"^     suspend  it  from  a  retort  stand  by  a  dry  silk  thread 
about    6  inches    long.       Electrify   the  vulcanite 
rod,  or  a  stick  of  sealing-wax,  by  rubbing  it  with 
a  dry  woollen  cloth,  and  bring  it  near  to  the 
£     suspended  pith  ball. 

Note  that  it   attracts   the  ball,    which,   after 
touching  the  electrified  body,  is  immediately  re- 
fc          pelled  or  repulsed.     This  is  because  the  ball  be- 
FIG.  104       copies  charged  with  the  same  kind  of  electricity 
as  the  rod  possesses,  on  touching  the  rod,  and 
is  then  repelled  because,  as  in  magnetism,  like  kinds  of 
electricity  repel. 

EXERCISE  153. — Now  electrify  a  glass  rod  with  a  silk  rubber, 
and  bring  the  electrified  glass  rod  near  the  electrified  pith 
ball.  The  glass  rod  attracts  the  ball,  and  this  proves  that 
the  glass  rod  is  charged  with  a  different  kind  of  electricity 
from  that  on  the  vulcanite  rod. 

FOR  convenience  we  call  the  electrification  of 
glass  by  silk  positive,  and  that  of  vulcanite  by 
flannel   negative  electricity,    and  denote   them   fre- 
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quently  by  the  mathematical  signs  +  and  -  .  As  in 
magnetism,  like  kinds  of  electricity  repel,  while  unlike 
kinds  attract. 

A  pith  ball,  or  any  similar  instrument  used  to  de- 
tect electrification,  is  called  an  electroscope. 

Examination  of  a  Simple  Battery. 

When  we  place  two  different  substances  in  a  jar 
of  weak  acid,  or  in  a  solution  of  certain  salts  like 
sal-ammoniac,  chemical  action  may  occur  and  result 
in  an  electric  current  being  produced. 

Examine  an   ordinary   "wet"  cell    used    for   an 


FIG.  1 06. 

electric  bell  (Fig.  105).  In  this  the  solution  must 
be  renewed  occasionally,  as  it  is  used  up  in  generat- 
ing the  electricity.  Examine  also  a  so-called  dry 
cell  (Fig.  1 06)  for  the  same  purpose.  In  this  the 
solution  is  rendered  sufficiently  pasty  by  being 
treated  with  absorbents  so  that  the  paste  will  not 
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spill.  There  is  no  chemical  action  going  on  unless 
the  two  different  substances  (in  this  case  zinc  and 
carbon)  are  connected  by  a  wire,  and  in  that  case 
the  electricity  formed  passes  from  the  carbon  along 
the  wire  to  the  zinc ;  and  so  the  carbon  is  called  the 
positive  pole  of  the  battery,  and  the  zinc  the  negative 
pole. 

Effect    of    an    Electric    Current    Flowing    Spirally 
Round  a  Bar  of  Soft  Iron. 

EXERCISE  154. — Wind  a  close  spiral  of  cotton-covered 
copper  wire  round  a  stout  glass  test  tube,  and  attach  the 
ends  of  the  wires  to  the  carbon  and  zinc  terminals  of  the 
battery,  previously  examined.  Bring  each  end  of  the 
spiral  in  turn  near  the  north- pointing  pole  of  a  compass 
needle,  and  notice  it  behaves  like  a  bar  magnet,  having  a 
north  and  a  south  pole,  repelling  and  attracting  like  a 
bar  magnet.  Place  a  soft  iron  rod  inside  the  test  tube 
— a  short  length  of  gas  pipe  or  a  large  iron  wire  nail 
would  be  suitable — and  note  the  effect. 

The  soft  iron  becomes  magnetized,  and  hence  re- 
inforces or  increases  the  magnetic  power  of  the 
spiral.  Place  the  end  of  the  soft  iron  projecting 
from  the  tube  into  some  iron  filings.  The  filings 
are  attracted  while  the  current  is  passing,  but  the 
magnetism  of  the  soft  iron  rod  disappears  when 
the  current  is  stopped. 

Electro-Magnets. 

are  produced  in  this  way.  When  a  coil  of  insulated 
wire  is  revolved  between  the  poles  of  an  electro- 
magnet (of  horse-shoe  type  generally)  by  mechani- 
cal means,  we  have  very  powerful  electrification 
produced,  and  a  machine  constructed  to  do  this  is 
a  dynamo ;  which  thus  converts  mechanical  power 
into  electrical  energy.  Dynamos  are  in  general  use 
to  supply  the  powerful  currents  required  for  electric 
lighting  and  power,  and  as  these  currents  are  danger- 
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ous  to  human  life,  and  magnetize  the  steel-work  of 
watches  permanently,  it  is  wise  to  adopt  extreme 
caution  when  approaching  a  powerful  dynamo. 

Small  electro-magnets  are  used  in  electric  bells. 
The  hammer  of  the  bell  is  attached  to  a  spring  which 
is  attracted  by  an  electro-magnet,  but  on  approach- 
ing the  electro-magnet,  it  leaves  the  adjustable  pin 
against  which  it  previously  rested,  and  so  breaks 
the  electric  current  which  was  flowing  from  the  pin 
into  the  spring  while  the  spring  touched  it.  The 
"  break "  destroys  the  magnetism  of  the  electro- 
magnet, the  spring  jumps  back  and  the  current 
again  flows,  only  to  be  again  broken  as  the  spring 
is  attracted  away  from  the  pin.  Thus  the  oscillation 
of  the  hammer  rings  the  bell. 

Bell  Wiring  and  Bell-Pushes. 

It  has  been  mentioned  in  connexion  with  the 
electric  battery  cell,  used  for  ringing  an  electric 
bell,  that  the  current  is  only  developed  by  chemical 
action,  when  the  zinc  and  carbon  are  connected  by 
a  wire.  Insulated  wire  is  commonly  used,  i.e.  wire 
covered  with  waxed  cotton,  etc.,  to  prevent  the 
current  escaping  through  the  metal  wire  accident- 
ally touching  a  good  conductor.  Frequently  a  twin 
strand  or  double  strand  of  wire  is  used,  of  separately 
insulated  wires  in  the  same  outer  casing.  The 
weak  current  in  a  bell  circuit  is  absolutely  harmless, 
and  cannot  cause  either  fire  or  shock.  A  bell-push 
contains  a  spring,  usually  part  of  a  flat  spiral,  which 
on  being  pressed  down,  touches  another  flat  piece  of 
metal  and  makes  the  circuit  complete,  which  was 
previously  broken  by  a  gap  between  the  two  metal 
surfaces. 


CHAPTER    XXIX 

ELECTRIC  LIGHTING— ELECTROLYSIS— 
ELECTRO-PLATING 

Electric  Lighting. 

IF  a  powerful  electric  current  is  passed  through 
a  fine  wire  or  a  carbon  thread  or  filament,  it 
meets  such  a  resistance  to  its  passage  that  much  of 
the  electric  energy  is  converted  into  heat  energy, 
and  the  wire  or  filament  is  made  white-hot  or  in- 
candescent, just  as  a  blue  gas  flame  of  the  bunsen 
or  gas-stove  type  supplies  the  necessary  heat 
"energy"  when  inside  an  incandescent  mantle  to 
give  a  brilliant  light.  The  wire  or  filament  is 
enclosed  in  a  vacuous  bulb  to  prevent  the  oxidation 
or  burning  away  of  the  filament.  Another  type  of 
electric  light  is  the  arc  lamp,  used  in  street  lighting, 
in  which  a  brilliant  electric  spark  between  carbon 
rods,  produces  a  glaring  though  somewhat  unsteady 
light. 

The  current  for  the  incandescent  electric  lamp 
bulbs  used  in  houses  is  brought  along  stout  copper 
wires,  insulated,  and  fitted  generally  in  a  wooden 
casing. 

Just  as  we  talk  of  gas  pressure  and  the  amount 
of  gas  we  burn,  we  can  express  the  pressure  of  the 
electricity  supplied  in  volts,  and  the  amount  of 
current  used  in  amperes. 

The  electric  light  meter  for  an  ordinary  eight  to 
ten-roomed  house  would  show  by  four  dials,  very 
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similar  to  those  on  a  gas  meter,  the  amount  of  cur- 
rent used  in  units.  It  would  probably  be  stamped 
3  amperes  and  240  volts,  showing  its  capacity  and 
the  pressure  of  the  current. 

A  switch  is  similar  in  principle  to  a  bell-push.  By 
moving  a  knob,  two  pieces  of  metal  come  in  contact, 
and  the  circuit  is  completed,  so  that  the  current  flows 
through  the  lamp  or  lamps.  Unlike  the  bell-push, 
however,  which  springs  back  when  released,  the 
switch  is  constructed  to  stay  either  "on  "  or  "  off". 

A  fuse  is  a  piece  of  lead  or  tin  wire  placed  some- 
where in  the  circuit,  usually  near  the  meter  where 
the  outgoing  circuits  for  lighting  are  led  off.  In  the 
event  of  the  current  becoming  too  powerful  for  the 
wire,  the  lead  wire,  like  the  filament  of  a  lamp,  would 
offer  resistance  to  such  an  extent,  that  the  heat 
energy  produced  would  melt  the  wire,  and  destroy 
the  circuit. 

Electrolysis  and  Electroplating. 

A  powerful  current  of  electricity  when  passed 
through  acidulated  water  (the  acid  being  added  to 
enable  the  current  to  pass),  decomposes  the  water 
into  its  two  constituent  gaseous  elements,  oxygen  and 
hydrogen.  For  details,  see  any  good  chemical  text- 
book. Similarly,  solutions  of  metallic  salts  may 
be  decomposed  and  their  elements  set  free,  either 
wholly  or  in  part.  Solutions  of  copper  or  silver 
salts  can  thus  be  made  to  deposit  copper  or  silver  on 
metal  articles,  placed  in  those  solutions  in  the  path 
of  the  electric  current. 

Lightning  Conductors,  Dangers  of  Lightning. 

Electricity  developed  in  the  clouds,  frequently 
seeks  the  earth,  and  a  so-called  lightning  discharge 
takes  place.  This  discharge  will  pass  through  any 
conductor  that  offers,  and  will  select  a  good  con- 
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ductor  in  preference  to  a  poor  one.  A  stout  copper 
strip  carried  from  the  top  of  a  tower,  spire,  or  chimney, 
to  the  earth,  will  protect  the  building,  because  the 
electric  discharge  will  flow  along  it  and  not  through 
the  building.  When  lightning  strikes  a  tree,  house, 
etc.,  the  resistance  encountered  produces  so  much 
heat  energy,  that  substances  split  and  liquids  boil. 

Never  stand  under  walls,  trees,  etc.,  in  a  thunder- 
storm ;  wet  clothes  are  a  protection,  and  there  is  no 
risk  of  being  struck  in  the  open,  if  you  keep  low 
down,  e.g.  a  man  in  a  cart  should  get  out  and  walk 
by  his  horse,  rather  than  stand  up  high  in  his  cart. 

Electrical  Failures  and  Remedies:  Electric  Bells. 

If  the  action  of  an  electric  bell  suddenly  fails,  look 
out  for  a  break  in  the  wire,  a  corrosion  where  wire 
joins  battery,  a  rusty  electro-magnet  in  the  bell,  or 
a  spent  battery. 

Electric  Wiring  and  Lighting. 

Keep  a  supply  of  fuse  wires  of  the  right  size ; 
electric  pressure  varies  at  times,  and  a  fuse  will  "  go  " 
every  now  and  then.  In  replacing  a  fuse,  turn  off 
the  main  switch,  stand  on  a  rubber  mat,  or  wear  dry 
rubber-soled  shoes,  rubber  gloves  if  possible.  When 
dusting  or  cleaning  electric  lamps,  have  the  light 
turned  on  as  there  is  then  less  chance  of  breaking 
the  delicate  filament  or  wire  inside  the  lamp. 

In  buying  new  lamps,  see  that  they  are  for  the 
right  voltage,  i.e.  the  same  as  the  old  lamp  they  re- 
place, and  have  them  placed  on  circuit,  or  examine 
them  carefully  to  see  that  the  filament  or  wire  is 
intact.  Get  the  salesman  to  show  you  how  to  in- 
sert a  lamp  in  its  spring  socket  if  you  do  not  know. 
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electroplating,  179. 
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Inclined  plane,  47. 
indestructibility  of  matter,  30. 


inertia,  28. 

intensity  of  light,  155. 

inversion  of  image,  151. 

Land  and  sea  breezes,  120. 
latent  heat,  132. 

-  of  fusion  of  ice,  133. 
—  vaporization  of  steam, 

133- 

laws  of  reflection,  158. 
—  refraction,  161. 
lenses,  162. 
levers,  40. 
lifeboat,  59. 
light,  149. 
lightning,  179. 
liquid  pressure,  65. 
—  skins,  96. 
liquids,  28. 
litre,  13. 
lubricants,  52. 

Machine,  40,  44,  53. 

magic  lantern,  164. 

magnetic  field,  172. 

magnetism,  169. 

malleability,  31. 

mangle,  44. 

mass,  22,  33. 

matter,  28. 

maximum  thermometer,  105,  106. 
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metric  system,  2. 
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mirrors,  159. 

molecule,  100. 

moment  of  a  force,  56. 

Nails,  54. 
nuts,  48. 
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Opera  glass,  165. 
opisometer,  4. 
oscillation,  62. 

Pallets,  63. 

parachute,  87. 
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pendulum,  61. 

periodic  time,  62. 

periscope,  159. 

photometry,  153. 

pin-hole  camera,  1 50. 

pipette,  20. 

poles  of  a  magnet,  1 70. 

pop-gun,  82. 

porosity,  29. 

pressure  and  boiling-point,  124. 

principle  of  Archimedes,  37. 

-  work,  45. 
prism,  14. 
propeller,  49. 
pulleys,  46. 
pumps,  84. 
pyramid,  15. 
pyrometer,  114. 

Radiation,  137. 

reading-glass,  152. 

reflection,  157. 
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regelation,  123. 

removing  fixed  stoppers,  121. 

reservoirs,  66. 

revolving  sprinkler,  88. 

rocket,  88. 

rod  and  gauge,  1 1 4. 

Screw-jack,  49. 

-  pitch,  48. 

-  press,  49. 
screws,  48,  54. 
seconds-pendulum,  62. 
sinker,  38. 

siphon,  84,  72. 


solids,  28. 

specific  gravity,  34. 

-  heat,  ill. 
spectacles,  163. 
spectroscope,  167. 
spectrum,  166. 
sphere,  17. 
spiral  spring,  80. 
spirit  level,  66. 
spray  producer,  88. 
spring  balance,  25. 
steam  heating,  143. 
steelyard,  41. 
sucker,  87. 
syringe,  82. 
switches,  179. 

Telescope,  165. 
thermometer,  101. 
thermometric  scales,  103. 
transmission  of  heat,  137. 
triangles,  9. 

U  tube,  71. 

unstable  equilibrium,  59. 

Vacuum  cleaner,  83. 
ventilation,  146. 
vice,  49. 

Warming  buildings,  143. 
water  equivalent,  no. 

—  level,  67. 

—  supply,  66. 
weathering  of  rocks,  1 19. 
wedge,  48. 

weight,  22,  33. 

wet  and  dry  bulb  thermometers, 

129. 

wheel  and  axle,  43. 
windlass,  43. 
winds,  120. 
work,  43. 
wringer,  44. 
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Civics.  By  SUSAN  CUNNINGTON,  Wiston's  School,  Brighton,  Author 
of  "  The  Story  of  Arithmetic,"  etc.  Crown  8vo,  2s.  6d. 
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This  book  deals  with  three  professions  and  a  large  number  of  trades,  and 

show;  the  qualities  necessary  to  success  in  each. 
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Precis  Writing  and  Office  Correspondence.  By  E.  E.  WHITFIELD, 
M.A.  Third  Edition.  Crown  8vo,  2s.  [Commercial  Series. 

The  subjects  dealt  with  here  are  Business  Correspondence  in  General 
Circulars  and  Advertisements,  Sale  and  Purchase,  Carrying  Trade,  Trans- 
mission of  Money,  Prdcis,  Civil  Service  Precis,  Commercial  Pre'cis,  Applica- 
tion of  Precis  to  Journalism,  Application  of  Precis  to  Foreign  Languages. 
Commercial  Examination  Papers.  By  H.  de  B.  GIBBINS,  Litt.D., 
M.A.  Crown  8vo,  is.  6d.  [Commercial  Series. 

A  volume  of  Examination  Papers  on  Commercial  Geography,  Commercial 
History,  Book-keeping,  Business  and  Office  Work,  Commercial  French,  and 
Commercial  German. 

For  other  books  on  Commerce,  see  also  under  "French,"  "  German," 
"  Geography"  "History"  ''Mathematics" 

DIVINITY 

The  First  Book  of  Kings.  Edited  by  A.  E.  RUBIE,  D.D.  With 
4  Maps.  Crown  8vo,  2s.  [Junior  School  Books. 

The  Gospel  according  to  St.  Matthew.  Edited  by  E.  W.  SOUTH, 
M.A.  With  3  Maps.  Crown  8vo,  is.  6d.  [Junior  School  Books. 

The  Gospel  according  to  St.  Mark.  Edited  by  A.  E.  RUBIE,  D.D. 
With  3  Maps.  Second  Edition.  Cr.  8vo,  is.  6d.  [Junior  School  Books. 

The  Gospel  according  to  St.  Luke.  Edited  by  Canon  W.  WILLIAM- 
SON, B.A.  With  3  Maps.  Crown  8vo,  2s.  [Junior  School  Books. 

The  Acts  of  the  Apostles.  Edited  by  A.  E.  RUBIE,  D.D.  With  3 
Maps.  Second  Edition.  Crown  8vo,  2s.  [Junior  School  Books. 

These  editions  are  designed  primarily  for  those  preparing  for  junior  ex- 
aminations such  as  the  Junior  Locals,  and  those  of  the  Joint  Board.  At  the 
same  time  they  will  also  prove  useful  for  those  preparing  for  higher  examina- 
tions, such  as  the  Higher  Certificate.  The  editors  have  tried  to  make  the 
introduction  and  notes  as  stimulating  as  possible,  and  to  avoid  mere  ' '  cram." 

The  Story  of  the  Hebrew  Patriarchs.  By  Mrs.  FREDERIC  GREEN. 
Crown  8vo,  is.  6d.  net. 

The  purpose  of  this  little  book  is  to  help  our  girls  and  boys  to  feel  that 
the  Old  Testament  tells  of  real  men  and  women,  like  ourselves :  that  the 
human  race  in  all  ages  and  in  all  nations  is  one  :  that  these  old  Bible  charac- 
ters, whether  heroes  or  ordinary  men  and  women,  were  of  like  passions  as 
ourselves. 

The  Boys'  Prayer  Book.  Compiled  by  ALEX.  DEVINE,  Headmaster 
of  Clayesmore  School,  Winchester.  Medium  i6mo,  is.  6d.  net. 

A  collection  of  prayers,  prefaced  by  appropriate  texts  for  almost  all  the 
necessities  of  school  life. 

Junior  Scripture  Examination  Papers:  Old  Testament.  By 
Rev.  S.  A.  P.  KERMODE  and  Canon  W.  WILLIAMSON.  Fcap.  8vo, 
is.  [Junior  Examination  Series. 

Junior  Scripture  Examination  Papers.  New  Testament.  By  A. 
G.  WALPOLE-SAYER  and  Canon  W.  WILLIAMSON.  Fcap.  8vo,  is. 

[Junior  Examination  Series. 

These  examination  papers,  which  will  be  found  useful  in  checking  pro- 
gress at  any  stage,  and  for  recapitulation  just  before  the  end  of  term  or  at 
the  approach  of  an  examination,  are  based  very  largely  upon  the  kind  of 
questions  candidates  have  had  in  the  past,  and  may  be  used  either  for  written 
or  viva  -voce  answers. 

A  Primer  of  the  Bible.  By  W.  H.  BENNETT,  M.A.,  Professor  of  Old 
Testament  Exegesis  at  New  and  Hackney  Colleges,  London.  With  a 
concise  Bibliography.  Fifth  Edition.  Crown  8vo,  2s.  6d.  net. 

This  Primer  sketches  the  history  of  the  books  which  make  up  the  Bible  in 
the  light  of  recent  criticism. 
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Old  Testament  History  for  Use  in  Schools.     By  the  Rev.  W.  F. 

BURNSIDK,   M.A.,  Headmaster  of  St.   Edmund's  School,    Canterbury. 
Seventh  Edition.     Crown  8vo,  35.  6d.  net. 

A  textbook  for  higher  forms  written  in  the  belief  that  it  is  possible  with  all 
reverence  to  tradition  to  make  the  Old  Testament  a  real  living  force  in 
religious  education. 

Stories  from  the  Old  Testament.  By  E.  M.  WiLMOT-BuxTON, 
F.R.Hist.S.  Third  Edition.  Crown  8vo,  is.  6d.  {Beginners  Books. 
These  stories  have  been  told  in  the  simple  and  dignified  words  of  the  Bible, 
with  brief  explanations  where  necessary,  and  selected  so  as  to  show  the  con- 
tinuity of  the  Divine  dealings  with  the  Hebrew  people  in  preparation  for  the 
revelation  of  the  New  Testament. 

Stories  from  the  New  Testament.  By  E.  M.  WILMOT-BUXTON, 
F.R.Hist.S.  Crown  8vo,  is.  6d.  [Beginner's  Books. 

A  companion  volume  to  "Stories  from  the  Old  Testament,"  by  the 
same  author. 

The  Student's  Prayer  Book.  The  Text  of  Morning  and  Evening 
Prayer  and  Litany.  By  W.  H.  FLECKER,  M.A.,  D.C.L.,  Head- 
master of  the  Dean  Close  School,  Cheltenham.  With  Notes.  Crown 
8vo,  2s.  6d. 

An  edition  arranged  for  the  Local  Examinations.  The  Notes  are  at  the  foot 
of  the  page,  and  so  arranged  that  they  are  on  the  same  page  as  the  text  to  which 
they  refer,  thus  avoiding  the  necessity  of  constantly  turning  over  the  pages. 
An  English  Church  History  for  Children.  By  MARY  E.  SHIPLEY. 
With  a  Preface  by  WILLIAM  E.  COLLINS,  D.D.,  late  Bishop  of  Gibraltar. 
Three  Volumes,  crown  8vo,  2s.  6d.  net  each. 

Vol.      I.,    A.D.    597-1066,   with    12    Illustrations    and  3    Maps. 

Second  Edition. 

Vol.    II.,  A.D.  1066-1500,  with  12  Illustrations  and  I  Map. 
Vol.  III.,  A.D.  1500-1911,  with  a  Map  and  12  Illustrations. 
"This  instructive  little  book  is  very  well  written,  and  furnished  with  a 
good  index,  and  rendered  attractive  by  beautiful  illustrations." — Record. 

DOMESTIC  SCIENCE 

'Housecraft  Science.  By  E.  D.  GRIFFITHS,  B.Sc.,  F.R.G.S.  With 
many  Diagrams.  Crown  8vo,  2s.  6d.  net. 

This  book  is  intended  to  stimulate  independent  investigation  of  those 
facts  of  elementary  physics  which  explain  everyday  happenings  in  the  home, 
and  are  capable  of  being  established  on  an  experimental  basis.  Measuring 
and  weighing  include  plenty  of  everyday  applications,  while  ventilation  and 
warming  are  fully  dealt  with  in  the  section  on  heat,  and  suggestions  are 
made  for  promoting  efficiency.  Lubricants  and  anti-lubricants,  with  the 
care  and  treatment  of  machinery,  are  supplementary  to  the  understanding 
of  the  six  simple  machines.  The  treatment  of  light  includes  all  the  common 
optical  instruments,  and  under  magnetism  and  electricity,  wiring,  dry 
batteries,  electrical  meters,  lamps  and  fuses  in  common  use  are  fully  described. 

*A  Manual  of  Cookery  on  Scientific  Lines.  By  M.  DYER  (King's 
College  for  Women).  Crown  8vo,  2s.  6d. 

This  book  is  intended  for  use  in  secondary  school  courses  in  cookery, 
where  it  is  desired  to  correlate  domestic  with  scientific  work.  The  first  part 
deals  with  the  theoretical  side  of  the  subject  and  the  practical  work  to  be 
done  in  the  laboratory  ;  the  second  part  is  a  collection  of  recipes  classified 
on  the  same  basis  as  in  the  first  section. 

The  Little  Housewife.  By  A.  M.  PHILLIPS  and  C.  L.  DEAN.  Crown 
8vo,  is.  6d. 

This  book  is  intended  to  serve  as  a  Reader  on  domestic  science  for  girls 
in  Elementary  and  Secondary  Schools.  To  be  used  as  an  adjunct  to  the 
practical  work  of  a  centre,  it  is  also  adapted  to  the  requirements  of  schools 
where  no  practical  work  is  done.  It  supplies  the  reasons,  and  simple 
scientific  explanations,  of  the  operations  involved  in  housecraft  generally. 
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Millinery,  Theoretical  and  Practical.  By  CLARE  HILL.  With 
numerous  Diagrams.  Sixth  Edition.  Crown  8vo,  26. 

[  Textbooks  of  Technology. 

A  treatise,  concise  and  simple,  containing  all  required  for  the  City  and 
Guilds  of  London  Examination,  and  providing  a  suitable  course  for  evening 
classes. 

Instruction  in  Cookery.  By  A.  P.  THOMPSON,  Instructress  to  the 
London  County  Council.  With  10  Illustrations.  Crown  8vo,  2s.  6d. 

[  Textbooks  of  Technology. 

The  most  suitable  form  of  syllabus  and  the  best  practical  examples  for 
demonstration  are  discussed  at  some  length. 

How  to  make  a  Dress.  By  J.  A.  E.  WOOD.  With  numerous 
Diagrams.  Fifth  Edition.  Crown  8vo,  is.  6d. 

[Textbooks  of  Technology. 

A  short  textbook  based  on  the  syllabus  of  the  City  and  Guilds  of  London 
Institute  Examination. 

ENGLISH 

Grammar,  Dictation,  and  Composition 

A  First  Course  in  English.    By  W.  S.  BEARD.     Crown  8vo,  is.  6d. 

[Beginner's  Books. 

This  book  is  a  working  class-book  in  English  for  the  Lower  Forms  of 
Secondary  Schools  and  pupils  in  Primary  Schools.  First,  it  provides,  side 
by  side,  a  progressive  course  in  analysis  and  elementary  composition ;  the 
use  of  words  and  their  relation  to  each  other  in  sentences.  The  exercises 
for  practice  are  very  numerous,  varied,  and  carefully  graduated  ;  many 
exercises  are  adapted  for  oral  composition.  Second,  it  provides  a  textbook 
of  the  leading  principles  of  grammar— accidence  and  elementary  syntax — 
which  will  enable  young  pupils  to  apply  these  principles  intelligently,  step 
by  step,  to  practical  work  in  analysis  and  parsing.  The  book  is  specially 
suitable  as  an  introductory  course  to  "A  Junior  English  Grammar,"  by 
W.  Williamson.  Sets  of  Examination  Questions  are  included  which  will 
furnish  useful  preparation  for  the  Oxford  and  Cambridge  Preliminary  and 
the  College  of  Preceptors'  Examinations  ;  also  for  pupils  in  Primary  Schools 
preparing  for  County  Council  Scholarships. 

A  Junior  English  Grammar.  By  Canon  W.  WILLIAMSON,  B.A. 
With  numerous  passages  for  Parsing  and  Analysis,  and  a  chapter  on 
Essay  Writing.  Fifth  Edition.  Crown  8vo,  2s.  [Junior  School  Books. 
In  this  book  the  author,  while  following  the  lines  usually  adopted,  restates 
many  of  the  Definitions,  reducing  their  number  as  far  as  possible.  He  en- 
deavours to  simplify  the  classification  of  the  parts  of  speech,  and  pays 
considerable  attention  to  the  Gerund.  To  give  freshness  and  a  sense  of 
reality  to  the  subject,  the  examples  in  illustration  of  rules  are  taken  from  the 
everyday  life  of  young  people. 

Junior  English.  By  F.  J.  RAHTZ,  M.A.,  B.Sc.,  Senior  Lecturer  at 
Merchant  Venturers'  Technical  College,  Bristol.  Twelfth  Edition. 
Crown  8vo,  is.  6d. 

This  book  is  intended  for  the  Lower  Forms  of  Secondary  Schools.  It 
deals  with  Grammar,  the  Construction  of  Phrase  and  Sentence,  Analysis, 
Parsing,  Expansion,  Condensation,  Composition,  and  Paraphrasing,  and 
many  other  Exercises  in  the  use  of  English.  The  Questions  and  Exercises 
are  numerous  and  varied. 

Higher  English.  By  F.  J.  RAHTZ,  M.A.,  B.Sc.  Thirteenth  Edition. 
Crown  8vo,  35.  6d. 

This  book  provides  a  much-needed  course  in  the  study  of  modern  English, 
suitable  for  pupils  in  the  Upper  Forms  of  Secondary  Schools.  Examination 
Papers  set  recently  at  London  University  are  added. 
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English  Composition.      By  F.  J.  RAHTZ,  M.A.,  B.Sc.      Crown  8vo, 
is.  6d. 

This  work  is  intended  for  pupils  of  Secondary  Schools  and  private  studriits. 
It  supplies  a  progressive  course  in  English  composition,  embracing  not  only 
us  and  letters,  but  also  other  important  and  useful  work  in  writing 
English.  Numerous  and  varied  exercises  are  appended  to  each  chapter, 
while  questions  and  shorter  exercises,  many  of  which  may  be  used  ondly, 
are  introduced  in  the  text.  The  importance  of  connecting  the  student's 
composition  with  his  reading  has  been  borne  in  mind  throughout. 

English  Composition  from  Models.     By  C.  ROONEY,  B.A.,  LL.B. 
Crown  8vo,  2s.  6d. 

This  book  is  an  attempt  to  apply  the  Direct  Method  to  the  teaching  of 
English  Composition.  The  models  range  from  Bacon  to  Stevenson,  and  the 
extracts,  which  have  been  carefully  selected,  are  calculated  to  interest  senior 
students.  Emphasis  is  laid  on  the  fact  that  to  write  we  must  read,  and  that 
to  read  with  profit  we  must  be  interested.  ' '  All  literary  skill  is  based  upon 
imitation."  The  book  deals  in  an  interesting  way  with  certain  inherent 
difficulties,  and  has  useful  hints  as  to  how  the  literary  taste  of  young  people 
may  be  developed  and  guided.  It  is  the  work  of  a  practical  teacher. 

A  Class-Book  of  Easy  Dictation  and  Spelling.    Selected  by  Canon 
W.  WILLIAMSON,  B.A.     Eleventh  Edition.     Fcap.  8vo,  is. 

\_Beg inner  s  Books. 

This  book  contains  many  interesting  passages  from  English  classics  chosen 
on  account  of  the  large  number  of  everyday  words  which  they  contain. 

A  Class-Book  of  Dictation  Passages.      Selected    by    Canon  W. 
WILLIAMSON,  B.A.     Nineteenth  Edition.     Crown  8vo,  is.  6d. 

{Junior  School  Books. 

1 60  passages  chosen  from  a  wide  field  of  modern  literature  on  account  of 
the  large  number  of  words  they  contain. 

Junior  English  Examination  Papers.     By  Canon  W.  WILLIAMSON, 

B.A.     Second  Edition.     Fcap.  8vo,  is.        [Junior  Examination  Series. 

This  book  contains  Seventy-two  Papers  of  Ten  Questions  each,  and  will 

be  found  to  meet  the  requirements  of  all  the  Examinations  in  English  usually 

taken  in  Schools  up  to  the  "  Senior  Locals." 


Literature 

English  Literature  for  Schools.  By  E.  E.  FIRTH,  History  Mistress 
at  the  High  School,  Croydon,  Author  of  "A  First  History  of  Greece." 
With  4  Maps.  Second  Edition.  Cr.  8vo,  2s.  6d.  [Junior  School  Books. 
This  excellent  Introduction  to  English  Literature  has  five  special 
features  :— (i)  By  comparison  the  style  and  importance  of  the  various  writers 
are  shown.  (2)  Many  illustrations  of  their  works  help  the  reader  to  a  know- 
ledge of  the  great  writers.  (3)  Difficulties  are  explained  by  footnotes.  (4) 
Short  summaries  of  the  chief  historical  events  are  given  with  explanations  of 
the  political,  social,  and  religious  tendencies  of  the  times.  Thus  the  reader 
realises  that  all  great  writers  are  representative  of  their  generation.  (5) 
Useful  Maps  have  been  included,  which  show  the  local  environment  of  the 
great  writers. 

At  the  end  of  each  chapter  are  to  be  found  summaries,  sets  of  questions, 
and  also  suggestions  for  further  reading. 

A  Short  Story  of  English  Literature.    By  EMMA  S.   MELLOWS. 
Crown  8vo,  35.  6d. 

The  story  of  the  beginning  and  growth  of  English  literature  told  in  a  very 
simple  form  for  schools  and  the  home.  In  addition  to  describing  the 
literature  and  writers,  some  space  is  given  to  describing  the  character  of  the 
age  under  consideration. 
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English  Literature.  By  F.  J.  RAHTZ,  M.A.,  B.Sc.  Crown  8vo, 
2s.  6d. 

This  work  is  suitable  for  pupils  in  the  Upper  Forms  of  Secondary  Schools, 
and  also  for  older  students.  Its  aim  is  to  review  in  a  general  but  critical 
manner  the  groundwork  of  English  Literature.  Special  attention  has 
therefore  been  paid  to  the  course  of  the  development  of  our  literature ; 
the  general  characteristics  of  each  period  and  the  external  influences 
bearing  upon  it  are  carefully  explained.  The  work  and  style  of  the  greater 
authors  are  discussed  in  some  detail,  and  brief  illustrative  extracts  from 
their  works  are  given ;  lesser  authors  are  treated  in  due  proportion. 
Questions,  many  of  which  are  suggestive  and  require  further  thought  and 
study,  are  appended  to  each  chapter. 

The  book  will  be  found  useful  for  such  examinations  as  the  Cambridge 
Senior  Local  and  London  Matriculation,  and  will  form  an  excellent 
foundation  for  more  advanced  examinations. 

Selections  from  English  Literature.  Vol.  I.  (1350-1700).  By  F.  J. 
RAHTZ,  M.A.,  B.Sc.  Crown  8vo,  2s. 

It  is  important  for  the  student  to  have  a  first  hand  acquaintance  with 
the  authors  themselves  beyond  what  may  be  obtained  from  the  brief 
extracts  given  in  the  English  Literature  above  described.  For  this  purpose 
two  volumes  of  Selections,  uniform  with  the  "English  Literature,"  have 
been  prepared.  The  present  volume  covers  the  period  from  1350  to  1700. 
Extracts  are  given  from  prose,  poetry,  and  the  drama.  In  dealing  with 
verse,  complete  poems  have  been  given  where  space  would  permit ;  and 
in  the  case  of  the  drama,  prose,  and  longer  poems,  the  extracts  are  such 
as  should  be  intelligible  by  themselves  or  with  the  aid  of  brief  prefatory  notes. 
As  a  rule,  the  space  devoted  to  an  author  is  in  proportion  to  his  importance. 

Selections  from  English  Literature.  Vol.  II.  (1700-1900).  By 
H.  N.  ASMAN,  M.A.,  B.D.,  Second  Master  of  Owen's  School, 
Islington.  Crown  8vo,  2s. 

This  is  the  second  of  two  volumes  of  selections  that  have  been  prepared 
for  use  with  "  English  Literature,"  by  F.  J.  Rahtz,  M. A.,  B.Sc. 

The  period  covered  is  1700  to  the  present  day.  The  extracts  from  prose, 
poetry,  and  drama  have  been  chosen  to  illustrate  the  various  aspects  of  the 
work  of  the  leading  authors,  and  the  general  development  of  the  literature 
of  the  period.  Care  has  been  taken  that  the  selections  should  all  be 
thoroughly  worth  studying. 

The  Story  of  Milton's  "Paradise  Lost."  Narrated  for  the  most 
part  in  the  actual  words  of  the  Poet.  Arranged  by  GEORGE  CARTER, 
M.A.,  Headmaster  of  New  College  School,  Oxford.  Crown  8vo,  is.  6d. 
The  main  feature  of  this  book  is  that  the  story  of  "Paradise  Lost"  is 
narrated  for  the  most  part  in  the  actual  words  of  the  poet,  but  where  this 
was  found  to  be  impracticable,  short  original  passages  are  introduced  to 
preserve  the  continuity  of  the  story.  Most  of  the  classical  and  other 
allusions,  which  contribute  little  or  nothing  to  the  development  of  the  story, 
are  omitted.  Concise  footnotes  are  added  to  explain  difficult  or  obsolete 
words. 

The  book  is  prefaced  with  a  "Short  Sketch  of  the  Life  and  Works  of 
Milton,"  and  a  Synopsis  of  "  Paradise  Lost"  is  also  added. 


Poetry 


An  Easy  Poetry  Book.  Selected  and  Arranged  by  Canon  W.  WILLIAM- 
SON, B.A.  Third  Edition.  Crown  8vo,  is.  [Beginner's  Books. 
A  little  book  for  pupils  of  twelve  or  thereabouts.  It  is  l>dieved  that  all 
the  selections  are  good  as  poetry,  healthy  and  invigorating  in  thought,  and 
suited  to  the  capacity  of  beginners. 

Ballads  of  the  Brave:  Poems  of  Chivalry,  Enterprise,  Courage,  and 
Constancy.  From  the  Earliest  Times  to  the  Present  Day.  By 
F.  LANGBRIDGE,  M.A.,  D.Litt.,  Canon  of  St.  Munchin's,  St.  Mary's 
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Cathedral,   Limerick.     Fifth   Edition,  Revised  and   Reclassified,   with 
additional  Notes.     Crown  8vo,  33.  6d.  net. 

In  this  new  edition  Canon  Lnngbridge  has  replaced  all  outworn  matter  by 
new  poems,  carrying  the  story  and  the  interest  down  to  the  present  hour. 
In  addition  to  the  best  chivalric  verse  of  Scott,  Byron,  Campbell,  Keats, 
Tennyson,  Browning,  Macaulay,  Aytoun,  Kingsley,  William  Morris, 
Sir  F.  Hastings  Doyle,  the  edition  includes  many  copyright  poems  in  praise 
of  gallant  thought  or  gallant  deeds  by  the  Poet  Laureate,  Watts-Dunton, 
George  Barlow,  Conan  Doyle,  Owen  Seaman,  Kipling,  Newbolt,  Noyes. 
It  is  a  book  for  all  who  love  and  are  proud  of  England,  for  all  who  love 
chivalry,  adventure,  and  gallant  pastime ;  pre-eminently,  it  is  a  book  for 
high-spirited  boys.  It  begins  with  the  "Siege  of  Troy"  and  ends  with  a 
"Song  of  Federation,"  a  call  to  the  Boy  Scouts,  and  England's  claim  to 
wield  for  ever  "The  Sceptre  of  the  Sea."  Careful  notes,  historical,  critical, 
philological,  are  given  separately  from  the  text. 

Readers 

The  Rose  Header.  By  EDWARD  ROSE.  With  numerous  Illustrations, 
some  of  which  are  Coloured.  In  Four  Parts.  Parts  I.  and  II., 
6d.  each  ;  Part  III.,  8d.  j  Part  IV.,  lod.  Introduction  for  the  Teacher 
separately,  6d. 

A  reader  on  a  new  and  original  plan.  The  distinctive  feature  of  this  book  is  the 
entire  avoidance  of  irregularly-spelt  words  until  the  pupil  has  mastered  reading. 

Tommy  Smith's  Animals.  By  EDMUND  SELOUS.  With  8  Illus- 
trations by  G.  W.  ORD.  Fourteenth  Edition.  Fcap.  8vo,  is.  6d. 

This  new  and  charming  continuous  reader,  besides  inculcating  kindness 
to  animals,  conveys  much  natural  history  information.  The  animals  dealt 
with  are — frog,  toad,  rook,  rat,  hare,  grass-snake,  adder,  peewit,  mole, 
woodpigeon,  squirrel,  barn-owl. 

An  edition  in  a  superior  binding,  suitable  for  prizes,  is  also  issued  at  as.  6d. 

Tommy  Smith's  Other  Animals.  By  EDMUND  SELOUS.  With  12 
Illustrations  by  AUGUSTA  GUEST.  Seventh  Edition.  Fcap.  8vo,  is.  6d. 

Uniform  with  the  above.  The  animals  dealt  with  are — rabbit,  nightjar, 
weasel,  blackbird,  thrush,  hedgehog,  dabchick,  moorhen,  woodpecker,  fox, 
cuckoo,  watervole. 

An  edition  in  a  superior  binding,  suitable  for  prizes,  is  also  issued  at  25.  6d. 

Health  Headings  for  Elementary  Schools.  By  C.  J.  THOMAS, 
M.B.,  B.Sc.,  D.P.H.,  University  Scholar  in  Medicine,  Member  of  the 
Examining  Board  of  the  Royal  Sanitary  Institute.  Fourth  Edition. 
Crown  8vo,  is.  6d. 

This  volume  has  been  written  in  accordance  with  the  recommendations  of 
the  Board  of  Education.  It  treats  the  subject  in  a  simple  way  as  a  part 
of  Nature  Study,  and  deals  with  questions  of  health  from  the  point  of  view 
of  the  natural  interests  of  the  child  in  his  surroundings. 

A  Health  and  Temperance  Reader.     By  H.  MAJOR,  B.A.,  B.Sc., 

Inspector  to  the  Leicester  Education  Committee.     Crown  8vo,  is. 

In  diction  and  style  suitable  for  children  in  Standards  V.,  VI.,  and  VII. 

in  Elementary  Schools. 
The  Baring-Gould  Selection  Reader.    By  S.  BARING-GOULD,  M.A. 

Arranged  by  G.  H.  ROSE.     With  15  Illustrations  and  a  Map.     Crown 

8vo,  is.  6d. 
The  Baring-Gould  Continuous  Reader.      By  S.   BARING-GOULD, 

M.A.     Arranged  by  G.  H.  ROSE.     With  5   Illustrations  and  a  Map. 

Crown  8vo,  is.  6d. 

Two  readers  for  Upper  Standards,  from  the  novels  and  topographical 

works  of  Mr.  Baring-Gould. 
A  London  Reader  for  Young  Citizens.  [See  under  "  Civics." 
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For  further  Readers  see  Messrs.  Methuen's  Stories,  in  the  following  Series, 
"Stories  from  the  Histories,"  "Stories  from  Old  Romance,"  "Stories  from 
the  Great  Writers."  They  cover  a  wide  ground,  avoid  hackneyed  material,  and 
aim  at  a  high  standard  of  style  and  treatment,  so  that  they  may  be  used  by 
Secondary  Schools  and  the  Upper  Standards  of  Elementary  Schools.  The 
Volumes  are  is.  6d.  each  (with  one  exception)  and  include  the  following  : — 

Stories  from  Ancient  History.    By  E.  BOWYER. 

Stories  from.  Modern  History.    By  E.  M.  WILMOT-BUXTON. 

Stories  from  Roman  History.    By  E.  M.  WILMOT-BUXTON. 

Easy  Stories  from  English  History.    By  E.  M.  WILMOT-BUXTON,  is. 

Stories  from  French  History.    By  TAYLOR  DYSON. 

Tales  from  Irish  History.    By  ALICE  BIRKHEAD. 

Stories  from  Scottish  History.    By  E.  M.  WILMOT-BUXTON. 

Stories  from  American  History.     By  ALICE  BIRKHEAD. 

Stories  from  Old  French  Romance.     By  E.  M.  WILMOT-BUXTON. 

Stories  from  Old  Italian  Romance.     By  SUSAN  CUNNINGTON. 

Stories  from  Old  English  Romance.    By  JOYCE  POLLARD. 

Stories  from  Dickens.     By  JOYCE  COBB. 

Stories  from  Bunyan.    By  EDITH  L.  ELIAS. 

Stories  from  Chaucer.    By  ADA  HALES. 

Stories  from  the  Old  Testament.    By  E.  M.  WILMOT-BUXTON. 

Stories  from  the  New  Testament.    By  E.  M.  WILMOT-BUXTON. 


FRENCH 
Grammars,  etc. 


Intuitive  French.  A  Year's  Course  for  Beginners.  By  M.  VERDON, 
Modern  Language  Master  at  Rotherham  Grammar  School.  Cr.  8vo,  2s. 
This  book  is  intended  for  children  between  the  ages  of  twelve  and  fourteen 
in  Secondary  Schools.  It  aims  at  teaching  elementary  French  according  to 
the  "New"  or  "Direct"  Method,  and  follows  the  lines  of  moderate  Re- 
formers. It  is  divided  into  thirty-six  lessons,  providing  ample  material  for  a 
whole  year's  work.  Each  lesson,  with  the  exception  of  a  few  made  of  songs 
and  rhymes,  consists  of  a  reading  piece,  which  is  the  re'sume'  of  several  con- 
versation lessons,  drill  exercises  for  oral  practice,  questions  and  written 
exercises.  The  latter  form  an  Introduction  to  free  composition  in  French. 
The  grammar  evolved  from  each  piece  is  systematically  given  in  another 
part  of  the  book.  Its  vocabulary  of  about  eleven  hundred  words  is  simple, 
practical  and  useful. 

A  Junior  French  Grammar.    By  L.  A.  SORNET  and  M.  J.  ACATOS. 
Fourth  Edition.     Crown  8vo,  2s.  {Junior  School  Books. 

This  book  comprises  a  complete  course  of  French  Grammar,  with 
Exercises  and  Examination  Papers  suitable  for  candidates  preparing  for  the 
Oxford  and  Cambridge  Local  and  College  of  Preceptors'  Examinations.  It 
also  includes  numerous  Vocabularies  and  materials  for  Conversation  Lessons. 

Nouvelle  Grammaire  Frangaise,  k  1'usage  des  ecoles  Anglaises.  By 
J.  G.  ANDERSON,  B.A.,  Examiner  to  London  University.  Cr.  8vo,  2s. 
A  textbook  for  Middle  and  Higher  Forms,  written  in  French,  with  the 
exception  of  a  long  introduction  on  Phonetics.  Emphasis  is  laid  on  points 
where  English  and  French  differ.  The  conjugation  of  the  verb  is  simplified, 
and  there  are  many  other  special  features. 
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Exercices  de  Grammaire  Franchise.  By  J.  G.  ANDERSON,  B.A. 
Crown  8vo,  is.  6d. 

This  book  of  exercises  is  primarily  intended  as  a  companion  volume  to 
the  "  Nouvelle  Grammaire  Franchise,"  but  there  is  no  reason  why  it  should 
not  be  used  in  conjunction  with  any  grammar.  These  books  cover  all  the 
ground  for  the  London  Matriculation. 

A  Junior  French  Prose.  By  R.  R.  N.  BARON,  M.A.,  Modern 
Language  Master  at  Cheltenham  Grammar  School.  Eighth  Edition. 
Crown  8vo,  2s.  [Junior  School  Books. 

This  book  has  been  written  for  pupils  beginning  continuous  French  Prose. 
It  contains  :  (i)  Examples  and  Rules  in  Syntax.  These  are  not  professedly 
exhaustive,  but  deal  rather  with  points  in  which  the  two  languages  are  seen 
to  differ ;  and,  as  they  deal  with  such  points  occurring  in  over  a  hundred 
passages  and  exercises,  it  is  hoped  they  may  be  found  sufficiently  complete 
for  the  general  purposes  at  which  the  book  aims.  (2)  Exercises  in  every- 
day language,  illustrative  of  the  rules.  (3)  Graduated  continuous  passages. 

French  Prose  Composition.  By  R.  R.  N.  BARON,  M.A.  Sixth 
Edition.  Crown  8vo,  2s.  6d.  Key  (Second  Edition).  35.  net. 

A  collection  of  passages  from  standard  English  authors  for  composition 
in  Upper  Forms  and  by  Army  Candidates;  Notes  and  Vocabularies  are 
provided. 

French  and  English  Parallels.  By  F.  R.  M.  FURSDON.  Fcap. 
8vo,  35.  6d.  net. 

The  first  part  of  this  volume  consists  of  a  selection  of  French  and  English 
idiomatical  phrases  and  idioms,  and  the  second  of  over  a  thousand  example? 
of  French  and  English  metaphors.  The  third  section  is  an  interwoven 
sequence  of  ideas,  expressed  by  means  of  some  of  the  most  beautiful  maxims 
and  proverbs  of  both  languages. 

Junior  French  Examination  Papers,  in  Miscellaneous  Grammar  and 

Idioms.     By   F.  JACOB,    M.A.,   Assistant   Master  at  Felsted  School. 

Third  Edition.     Fcap.  8vo,  is.  [Junior  Examination  Series. 

A  collection  of  72  papers  of  ten  questions  each  suitable  for  class  teaching 

and  revision  work  for  the  Local  and  similar  Examinations. 

A  Manual  of  French  Commercial  Correspondence.     By  S.   E. 

BALLY.      With  Vocabulary.     Fourth  Edition.     Crown  8vo,  2s. 

[  Commercial  Series. 

This  book  provides  the  student  with  materials  for  French  correspondence. 
Almost  every  paragraph  has  been  taken  from  actual  letters. 

By  A.  M,  M.  Stedman,  M.A. 

Steps  to  French.     Twelfth  Edition.     i8mo,  8d. 

One  of  the  easiest  French  books  in  existence.  Contains  both  grammar 
and  exercises. 

First  French  Lessons.     Twelfth  Edition.     Crown  8vo,  is. 

A  short  course  for  beginners  written  to  make  a  boy's  knowledge  of  Latin 
help  his  French. 

Easy  French  Passages  for  Unseen  Translation.  Seventh  Edition. 
Fcap.  8vo,  is.  6d. 

Many  of  the  passages  have  been  actually  set  at  the  Local,  Public  School, 
and  Naval  and  Military  Examinations.  Some  of  the  most  charming  French 
lyrics  are  included. 

Easy  French    Exercises    on    Elementary    Syntax.     With  Voca- 
bulary.    Fourth  Edition,  Revised.     Crown  8vo,  2s.  6d.     Key,  35.  net. 
These  exercises  are  for  pupils  who  have  mastered  their  accidence  and 
require  a  more  advanced  book  to  accompany  their  syntax. 


12  MESSRS.  METHUEN'S 

French  Vocabularies  for  Repetition:  Arranged  according  to  Sub- 
jects. Sixteenth  Edition.  Fcap.  8vo,  is. 

A  collection  of  upwards  of  2000  words  arranged  in  sets  of  12  each,  accord- 
ing to  the  subject. 

French  Examination  Papers  in  Miscellaneous  Grammar  and 
Idioms.  Sixteenth  Edition.  Crown  8vo,  23.  6d.  Key  (Sixth  Edition), 
issued  to  Tutors  and  Private  Students  only,  6s.  net. 

These  Papers  have  been  compiled  for  those  who  have  passed  beyond  the 
Elementary  Stages  of  Grammar.  They  cover  the  whole  of  the  ground 
usually  taught. 

Texts 

Easy  French  Rhymes.  By  HENRI  BLOUET.  Illustrated.  Second 
Edition.  Fcap.  8vo,  is.  [Beginner's  Books. 

This  little  book,  containing  the  time-honoured  English  nursery  rhymes 
translated  into  French  rhyme,  will  supply  children  with  a  fairly  extensive 
and  easily  acquired  vocabulary  of  French  words.  The  English  and  French 
versions  are  given  on  opposite  pages. 

Simplified   French  Texts 

Edited  by  T.  R.  N.  CROFTS,  M.A., 
Headmaster  of  Royal  Masonic  School,  Bushey. 

This  Series,  consisting  of  16  volumes,  provides  pupils  who  have  been  study- 
ing French  about  two  or  three  years  with  simple  translation  books  which  they  can 
understand,  and  at  the  same  time  complete  stories,  instead  of  a  succession  of 
little  anecdotes.  It  thus  makes  possible  the  more  rapid  reading  of  a  greater 
variety  of  authors.  Vocabularies  have  been  added,  in  which  the  chief  idioms  are 
explained.  Each  volume  is  Fcap.  8vo,  is, 

L'Equipage    de   la    Belle-Nivernaise.      By    ALPHONSE   DAUDET. 

Adapted   from    "La   Belle-Nivernaise,"  by  T.    R.    N.  CROFTS,  M.A. 

Fourth  Edition. 
L'Histoire  de  Pierre  et  Camille.    By  ALFRED  DE  MUSSET.    Adapted 

from    "Pierre    et    Camille,"   by   J.    B.    PATTERSON,   M.A.,    Modern 

Language  Master  at  Merchant  Taylors'  School,  London. 

Memoires    de  Cadichon.    By  MADAME    DE    S£GUR.     Adapted  from 

"  Memoires  d'un  Ane,"  by  J.  F.  RHOADES,  Modern  Language  Master  at 

Fettes  College,  Edinburgh.     Second  Edition. 
L'Histoire  d'une  Tulipe.    By  ALEXANDRE  DUMAS.      Adapted  from 

"  La  Tulipe  Noire,"  by  T.  R.  N.  CROFTS,  M.A.     Fourth  Edition. 
La  Bouillie  au  Miel.    By  ALEXANDRE  DUMAS.    Adapted  from  "La 

Bouillie  de  la  Comtesse  Berthe,"  by  P.  B.  INGHAM,  B.A.,  Director, 

London  School  of  Dalcroze  Eurhythmies. 

Edmond  Dantes.  By  ALEXANDRE  DUMAS.  Adapted  from  "  Monte 
Cristo,"  by  M.  CEPPI,  Assistant  Master,  Whitgift  Grammar  School, 
Croydon. 

D'Ajaccio  a  Sainte-Helene.  By  ALEXANDRE  DUMAS.  Adapted  from 
"Napoleon,"  by  F.  W.  M.  DRAPER,  B.A.,  Modern  Language  Master, 
City  of  London  School. 

M.  de  Beaufort  a  Vincennes.  By  ALEXANDRE  DUMAS.  Adapted 
from  "  Vingt  Ans  Apres,"  by  P.  B.  INGHAM,  B.  A. 

Le  Docteur  Matheus.  By  ERCKMANN-CHATRIAN.  Adapted  from 
"  L'lllustre  Docteur  Matheus,"  by  W.  P.  FULLER,  M.A.,  Headmaster 
of  the  Holborn  Estate  Grammar  School,  London. 
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Le  Conscrit  de  1813.  By  ERCKMANN-CHATRIAN.  Adapted  from 
"  L'Histoire  d'un  Conscrit,"  by  II.  RIKU,  M.A.,  Modern  Language- 
Master  at  Merchant  Taylors'  School,  London. 

La  Bataille  de  "Waterloo.  By  ERCKMANN-CHATRIAN.  A  Sequel  to 
the  above.  Adapted  from  "Waterloo,"  by  G.  H.  EVANS,  M.A., 
Modern  Language  Master  at  Oundle  School. 

Jean  Valjean.  By  VICTOR  HUGO.  Adapted  from  "Les  Mise"rables," 
by  F.  W.  M.  DRAPER,  B.A.  Second  Edition. 

Abdallah.  By  EDOUARD  LABOULAYE.  Adapted  from  "Abdallah,  ou 
le  trefle  a  quatre  feuilles,"  by  J.  A.  WILSON. 

Deux  Contes.  By  P.  MERIM&E.  Adapted  from  "Mateo  Falcone"  and 
"Tamango,"  by  J.  F.  RHOADES. 

La    Chanson    de    Roland.      Adapted    by  H.    RIEU,   M.A.      Second 

Edition. 
Remy,  Le  Chevrier.      By  EMILE  SOUVESTRE.      Adapted  from    "  Le 

Chevrier  de  Lorraine,"  by  E.  E.  CHOTTIN,  B.-es-L.,  Modern  Language 

Master  at  Clifton  College,  Bristol. 

Advanced   French  Texts 

Edited  by  T.  R.  N.  CROFTS,  M.A., 
Headmaster  of  Royal  Masonic  School,  Bushey. 

This  series  aims  at  supplying  translation  books  for  fairly  rapid  class-reading 
among  pupils  who  have  already  been  through  some  of  the  volumes  in  the 
Simplified  Texts,  or  who  have  acquired  a  good  working  knowledge  of  elementary 
French.  The  first  volumes  are  :— 

Bernard  de  Mergy.  By  P.  MERIMEE.  Adapted  by  P.  B.  INGHAM, 
B.A.  Crown  8vo,  2s. 

This  is  a  condensation  of  Prosper  Me'rime'e's  one  historical  novel, 
"  Chronique  du  Regne  de  Charles  IX,"  considered  the  best  of  its  type  in 
the  French  language.  Passages  have  been  omitted,  but  no  changes  have 
been  made  in  the  text. 

Ursus  et  sa  Troupe.  Adapted  from  "L'Homme  qui  Rit,"  of  Victor 
Hugo,  by  EM.  B.  LE  FRANQOIS,  Victoria  College,  Jersey.  Crown 
8vo,  2s. 

A  complete  and  exciting  story,  divided  into  twenty  chapters.  Each 
chapter  becomes  a  theme  for  conversation,  by  means  of  questions  based  upon 
it.  There  is  a  vocabulary  of  difficult  words  and  idiomatic  expressions. 

GENERAL  INFORMATION 

General  Knowledge  Examination  Papers.  By  A.  M.  M. 
STEDMAN,  M.A.  Eighth  Edition.  Crown  8vo,  2s.  6d.  Key  (Fifth 
Edition),  issued  to  Tutors  and  Private  Students  only,  75.  net. 

[School  Examination  Series. 

Compiled  to  furnish  practice  for  those  who  are  preparing  for  Scholarships 
at  the  Public  Schools  and  at  the  Universities.  This  edition  has  been  care- 
fully revised  and  brought  up  to  date  by  Mr.  C.  G.  DOTTING,  B.A.,  and  a 
number  of  new  questions  have  been  added. 

Junior  General  Information  Papers.  By  W.  S.  BEARD.  Second 
Edition.  Fcap.  8vo,  is.  Key  (Second  Edition),  35.  6d.  net. 

[Junior  Examination  Series. 

An  easier  book  on  the  same  lines  as  Stedman's  "General  Knowledge 
Examination  Papers."  It  will  be  found  suitable  for  the  Junior  Examinations 
and  Candidates  for  County  Scholarships. 
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GEOGRAPHY 

A  Systematic  Geography  of  the  World 

By  G.  W.  WEBB,  B.A. 

This  series  providesTfor  a  study  of  the  Geography  of  the  World  on  logical 
lines  as  recommended  by  the  Board  of  Education.  It  is  intended  for  those  who 
have  passed  beyond  the  elementary  stages  of  the  subject  and  wish  to  acquire 
a  more  detailed  and  advanced  knowledge.  Emphasis  is  placed  on  the  distinctive 
character  of  the  natural  regions  by  a  consideration  of  geological  structure  and  its 
bearing  on  physical  features,  and  again  constant  reference  is  made  to  the  causal 
connection  between  the  facts  of  physical  and  political  geography.  The  books 
will  be  found  suitable  for  use  in  the  Middle  and  Upper  Forms  of  Secondary 
Schools  and  for  all  who  wish  to  prepare  for  the  Oxford  and  Cambridge  Local, 
the  London  Matriculation,  and  similar  examinations. 

A  Systematic  Geography  of  the  British  Isles.    With  13  Diagrams 
and  Maps.     Second  Edition.     Crown  8vo,  is. 

A  Systematic  Geography  of  Europe.    With  5  Diagrams  and  Maps. 
Crown  8vo,  is. 

A  Systematic  Geography  of  Asia.     With  8   Diagrams  and   Maps. 
Crown  8vo,  is. 

A  Systematic  Geography  of  America.    With  10  Maps  and  Diagrams. 
Crown  8vo,  is. 

A  Systematic  Geography  of  Africa,  Australia,  and  Polynesia. 

With  Maps  and  Diagrams.     Crown  8vo,  is. 


By  Road  and  River.  A  Descriptive  Geography  of  the  British  Isles. 
By  E.  M.  WiLMOT-BuxTON,  F.R.Hist.S.  With  12  Illustrations  and 
12  Maps.  Crown  8vo,  2s. 

Suitable  for  children  in  the  Lower  Forms  of  all  grades  of  schools.  It  aims 
at  making  them  familiar  with  the  scenery  and  most  striking  features,  political, 
historical,  and  literary,  of  their  land  by  the  natural  and  interesting  process  of 
making  imaginary  journeys  through  the  different  districts  of  these  islands. 
Physical  geography  has  been  closely  connected  with  political  aspects,  and 
throughout  an  appeal  has  been  made  to  the  common  sense  as  well  as  to  the 
imagination  of  the  child.  Interesting  questions  are  set  at  the  end  of  each 
chapter,  and  the  text  is  fully  illustrated  by  photographs  and  outline  maps. 

The  Dominion  of  Man,  Geography  in  its  Human  Aspect.  By  E. 
PROTHEROE.  With  36  Illustrations.  Fourth  Edition.  Crown  8vo, 

2S. 

A  bright  and  readable  geographical  textbook  for  teachers  and  upper 
classes,  dealing  mainly  with  the  way  in  which  life  is  affected  by  its  surround- 
ings and  conditions.  Many  interesting  particulars  are  given  of  manufactures 
and  industries.  It  contains  thirty-six  full-page  Illustrations  beautifully 
printed  in  double  tone  ink. 

A  Commercial  Geography  of  the  British  Empire.  By  L.  W. 
LYDE,  M.A.,  Professor  of  Economic  Geography  at  University  College, 
London.  Tenth  Edition.  Crown  8vo,  2s. 

Tte  first  section  gives  the  general  principles  of  the  science  and  their 
I^Hot-iion  to  the  larger  areas  of  the  British  Empire.  The  second  section 
takes  each  of  the  Colonies  and  considers  its  surroundings,  fisheries,  harbours, 
surface,  agriculture,  and  minerals  separately. 
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A  Commercial  Geography  of  Foreign  Nations.  By  F.  C.  BOON, 
B.A.,  Assistant  Master  at  Dulwich  College.  Crown  8vo,  2s. 

[  Commercial  Series. 

A  companion  volume  to  Prof.  L.  W.  Lyde's  ' '  Commercial  Geography  of 
the  British  Empire." 

A  Historical  Geography  of  the  British  Empire.  By  HEREFORD 
B.  GEORGE,  M.A.,  Fellow  of  New  College,  Oxford.  Fifth  Edition. 
With  Map.  Crown  8vo,  33.  6d. 

The  purpose  of  this  work  is  twofold — to  describe  in  outline  the  British 
Empire,  with  its  component  parts  so  grouped  as  to  show  forth  the  diversity 
of  their  relations  to  the  mother  country — and  to  point  out  the  nature  of  the 
relations  between  the  geography  and  the  history  of  the  British  Islands, 
from  the  beginning,  and  from  the  time  of  their  becoming  British  in  the  case 
of  the  other  possessions. 

Historical  and  Modern  Atlas  of  the  British  Empire.  Specially 
prepared  for  Students.  By  C.  GRANT  ROBERTSON,  M.A.(OxoN.),  and 
J.  G.  BARTHOLOMEW,  F.R.S.E.,  F.R.G.S.  Demy  Quarto,  45.  6d.  net. 
The  Atlas  contains  64  Maps,  with  numerous  insets,  Historical  Tables 
and  Notes,  an  Introduction,  a  Historical  Gazetteer,  a  Bibliography,  and  an 
Index.  The  combination  of  modern  maps  on  physical  geography,  trade, 
industry,  etc.,  with  the  special  and  extensive  historical  maps  of  the  Empire 
as  a  whole  and  of  each  part  of  it  (e.g.  India,  Canada,  etc.),  give  the  Atlas  a 
character  and  completeness  not  hitherto  offered  by  any  other  Atlas. 

Junior  Geography  Examination  Papers.  By  W.  G.  BAKER,  M.A. 
Fcap.  8vo,  is.  [Junior  Examination  Series. 

72  Papers  each  containing  10  questions,  covering  all  branches  of  the 
subject  required  by  pupils  of  12  to  16  years.  By  an  ingenious  arrangement 
the  papers  can  be  used  either  as  general  papers  or  to  test  some  particular 
part  of  the  subject. 

History  and  Geography  Examination  Papers.  By  C.  H.  SPENCE, 
M.A.  Third  Edition,  Revised.  Crown  8vo,  2s.  6d. 

[School  Examination  Series. 

The  present  edition  was  practically  rewritten  and  a  large  number  of  new 
questions  added, 


GERMAN 
Grammars,  etc. 


A  Junior  German  Grammar.  By  H.  C.  A.  SECKLER,  Senior  German 
Master,  Owen's  School,  E.G.  Crown  8vo,  2s.  6d.  [Junior  School  Books. 
This  book  is  for  the  Middle  Forms  of  schools,  and  meets  the  requirements 
of  the  Oxford  and  Cambridge  Junior  Local  and  the  College  of  Preceptors' 
Examinations.  It  consists  of  grammar  and  exercises,  and  a  particular 
feature  is  the  co-ordination  of  accidence  and  syntax.  It  aims  throughout 
at  training  pupils  to  use  their  knowledge  for  composition.  The  latter  part 
of  the  book  gives  various  examination  papers,  with  some  useful  model 
solutions. 

German   Passages    for   Unseen    Translation.     By  E.    M 'QUEEN 
GRAY.     Crown  8vo,  2s.  6d. 

A  selection  of  passages  from  standard  authors  for  the  use  of  Middle  and 
Upper  Forms.     No  notes  or  vocabularies  are  included. 
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German  Vocabularies  for  Repetition.  By  SOPHIE  WRIGHT.  Second 
Edition.  Fcap.  8vo,  is.  6d. 

A  collection  of  useful  German  words  arranged  under  subjects. 

A  German  Commercial  Reader.  By  S.  E.  BALLY.  With  Vocabulary. 
Crown  8vo,  2s.  [Commercial  Series. 

The  object  of  this  manual  is  not  only  to  offer  the  student  material  for 
translation,  but  to  bring  to  his  notice  some  practical  hints  on  commerce, 
industry,  and  commercial  history  and  geography.  Roman  type  and  the  new 
spelling  have  been  adopted  in  this  book. 

A  Manual  of  German  Commercial  Correspondence.  By  S.  E. 
BALLY.  With  Vocabulary.  Second  Edition,  Revised.  Crown  8vo, 
2s.  6d.  [Commercial  Series. 

The  specimen  letters  which  illustrate  the  chapters  are  preceded  by 
analyses  and  followed  by  numerous  exercises,  each  containing  in  a  few 
German  words  the  gist  of  the  letter  to  be  composed.  Roman  type  and  the 
new  spelling  have  been  adopted  in  this  book. 

German  Examination  Papers  in  Miscellaneous  Grammar  and 
Idioms.  By  R.  J.  MORICH,  late  of  Clifton  College.  Ninth  Edition. 
Cr.  8vo,  2s.  6d.  Key  (Third  Ed.),  6s.  net.  [School  Examination  Series. 
A  series  of  Advanced  Papers  compiled — (i)  to  avoid  the  tediousness  and 
length  of  constant  grammar  repetition,  and  (2)  to  make  the  student 
acquainted  with  some,  at  least,  of  the  endless  number  of  German  idiomatic 
phrases. 

Junior  German  Examination  Papers  in  Miscellaneous  Grammar 
and  Idioms.  By  A.  VOEGELIN,  M.A.,  Modern  Language  Master  at 
St.  Paul's  School.  Fcap.  8vo,  is.  [Junior  Examination  Series. 

An  easier  book,  on  the  same  lines  as  German  Examination  Papers. 


Texts 

Simplified  German  Texts 

Edited  by  T.  R.  N.  CROFTS,  M.A., 
Headmaster  of  Royal  Masonic  School,  Bushey. 

The  aim  of  this  Series  is  to  provide  pupils  who  have  been  studying  German 
about  two  or  three  years  with  simple  translation  books  which  they  can  under- 
stand, and  which  at  the  same  time  provide  complete  stories,  instead  of  a 
succession  of  little  anecdotes.  Vocabularies  have  been  added,  in  which  the 
chief  idioms  are  explained.  Each  volume  is  fcap.  8vo,  is. 

Der  Miiller  am  Rhein.  By  C.  BRENTANO.  Adapted  from  "  Das 
Marchen  von  dem  Rhein  und  dem  Miiller  Radlauf,"  by  Miss  A.  F. 
RYAN,  Modern  Language  Mistress  at  the  High  School,  Derby. 

Die  Geschichte  von  Peter  Schlemihl.  By  A.  VON  CHAMISSO. 
Adapted  from  "Peter  Schlemihl's  Wundersame  Geschichte,"  by  R. 
C.  PERRY,  M.A.,  Modern  Language  Master  at  Merchant  Taylors' 
School,  London. 

Undine  und  Huldbrand.  By  DE  LA  MOTTK  Fouquft.  Adapted  from 
"  Undine,"  by  T.  R.  N.  CROFTS,  M,  A. 

Die  Nothelfer.  By  W.  H.  RIEHL,  Adapted  from  "Die  Vierzehn 
Nothelfer,"  by  P.  B.  INCH  AM,  B.A. 
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GREEK 

Grammars,  Exercises,  etc. 

Easy  Greek  Exercises.  By  C.  G.  BOTTING,  M.A.,  Assistant  Master 
at  St.  Paul's  School.  Second  Edition.  Crown  8vo,  2s. 

These  exercises  have  been  compiled  to  accompany  Stedman's  ' '  Shorter 
Greek  Primer,"  from  which  the  rules  have,  by  permission,  been  for  the  most 
part  taken. 

Passages  for  Unseen  Translation.  By  A.  M.  COOK,  M.A.,  and 
E.  C.  MARCHANT,  M.A.,  Tutor  of  Lincoln  College,  Oxford.  Selected 
from  Latin  and  Greek  Literature.  Seventh  Edition.  Crown  8vo,  35.  6d. 
Two  hundred  Latin  and  two  hundred  Greek  passages,  arranged  in  order 
of  increasing  difficulty.  The  book  has  been  carefully  compiled  to  meet  the 
wants  of  V.  and  VI.  Form  boys  at  the  Public  Schools,  and  is  also  well 
adapted  for  the  use  of  honoursmen  at  the  Universities.  Prose  and  verse 
alternate  throughout. 

Notes  on  Greek  and  Latin  Syntax.  By  G.  BUCKLAND  GREEN, 
M.A.,  Assistant  Master  at  Edinburgh  Academy.  Fourth  Edition. 
Crown  8vo,  35.  6d. 

The  book  discusses  and  explains  the  chief  difficulties  of  Greek  and  Latin 
Syntax,  so  as  to  afford  a  preparation  for  the  higher  classical  examinations. 
The  treatment  throughout  is  comparative.  'J  iiere  are  chapters  on  the  cases, 
tenses,  moods,  and  their  uses,  on  Homeric  peculiarities,  the  article,  etc. ; 
and,  besides  the  examples  quoted  in  illustration  of  the  text,  numerous  pas- 
sages are  added,  by  working  through  which  the  student  may  obtain  practice 
in  dealing  with  points  of  syntax. 

By  A.   M.   M.  Stedman,   M.A. 

Steps  to  Greek.     Fifth  Edition.     i8mo,  is. 

Easy  Lessons  on  Elementary  Accidence,  with  exercises  and  vocabularies. 

A  Shorter  Greek  Primer.  Revised  by  C.  G.  BOTTING,  M.A.  Sixth 
Edition.  Crown  8vo,  is.  6d. 

This  book  contains  the  elements  of  Greek  Accidence  and  Syntax. 

Easy  Greek  Passages  for  Unseen  Translation.  Revised  by  C. 
G.  BOTTING,  M.A.  Fifth  Edition.  Fcap.  8vo,  is.  6d. 

The  pieces  are  graduated  in  length  and  difficulty,  and  the  early  pieces 
present  no  serious  obstacles. 

Greek  Vocabularies  for  Repetition.  Revised  by  C.  G.  BOTTING, 
M.A.  Fifth  Edition.  Fcap.  8vo,  is.  6d. 

A  collection  of  over  2000  useful  words  arranged  in  sets  of  twelve  each 
according  to  subjects. 

Greek  Examination  Papers  in  Miscellaneous  Grammar  and 
Idioms.  Eleventh  Edition.  Crown  8vo,  2s.  6d.  Key  (Fourth 
Edition),  issued  to  Tutors  and  Private  Students  only,  6s.  net. 

[ School  Examination  Series. 
A  collection  of  Advanced  Papers. 


Junior    Greek  Examination   Papers.     By  T.   C.  WEATHERHEAD, 
M.A.     Second  Edition.     Fcap.  8vo,  is.     [Junior  Examination  Series. 
A  volume  of  72  Junior  Papers. 
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Examination  Papers  on  Thucydides.  By  T.  NICKLIN,  M.A., 
Warden,  Hulme  Hall,  Manchester.  Crown  8vo,  2s. 

In  this  volume  the  eight  books  have  been  divided  into  short  sections,  and 
a  paper  has  been  set  on  each  section,  as  well  as  recapitulatory  papers  on 
each  book. 

Texts 

Aristotle.— THE  ETHICS  OF  ARISTOTLE.  Edited,  with  an 
Introduction  and  Notes,  by  JOHN  BURNET,  M.A.,  Professor  of  Greek  at 
St.  Andrews.  Cheaper  issue.  Demy  8vo,  IDS.  6d.  net. 

An  elaborate  edition,  based  on  the  assumption  that  the  Nicomachean 
Ethics  is  the  authentic  work  of  Aristotle,  and  that  it  has  hardly  suffered  from 
interpolation  or  dislocation.  It  is  also  assumed  that  the  Eudemian  Ethics 
is  our  most  authoritative  commentary,  and  the  parallel  passages  from  it  are 
printed  under  the  text  to  which  they  refer.  The  commentary  shows  that 
most  of  the  difficulties  which  have  been  raised  disappear  when  the  work  is 
interpreted  in  the  light  of  Aristotle's  own  rules  of  Dialectic. 

Demosthenes.— AGAINST  CONON  AND  CALLICLES.  Edited  by 
F.  DARWIN  SWIFT,  M.A.  Second  Edition,  Revised.  Fcap.  8vo,  2s. 

The  new  text  edited  for  Middle  and  Upper  Forms,  with  vocabulary  and 
notes. 

Greek  Testament  Selections.  With  Introduction,  Notes,  and  Vocabu- 
lary, by  A.  M.  M.  STEDMAN,  M.A.  Fourth  Edition.  Fcap.  8vo,  2s.  6d. 
This  small  volume  contains  a  selection  of  passages,  each  sufficient  for  a 
lesson,  from  the  Gospels,  forming  a  life  of  Christ.  In  schools  where  only  a 
limited  time  can  be  given  to  the  study  of  the  Greek  Testament  an  oppor- 
tunity is  thus  supplied  for  reading  some  of  the  most  characteristic  and 
interesting  passages. 

Translations 

JEschyluS.— AGAMEMNON,  CHOEPHOROE,  EUMENIDES.  Trans- 
lated by  LEWIS  CAMPBELL,  LL.D.  Crown  8vo,  53. 

[Classical  Translations. 

Lucian.— SIX  DIALOGUES  (Nigrinus,  Icaro-Menippus,  The  Dream,  The 
Ship,  The  Parasite,  The  Lover  of  Falsehood).  Translated  by  S.  T. 
IRWIN,  M.A.,  Assistant  Master  at  Clifton.  Crown  8vo,  35.  6d. 

[Classical  Translations, 

Sophocles.— AJ  AX  AND  ELECTRA.  Translated  by  E.  D.  A. 
MORSHEAD,  M.A.  Crown  8vo,  2s.  6d.  [Classical  Translations. 

HISTORY 

Classical 

Stories  from  Ancient  History.  By  E.  BOWYER,  B.A.,  B.Sc.,  Assistant 
Master,  Owen's  School,  Islington.  With  2  Maps.  Second  Edition. 
Crown  8vo,  is.  6d.  [New  Historical  Series. 

This  volume— the  first  of  a  new  historical  series  on  the  lines  of  the  recent 
circular  of  the  Board  of  Education  on  the  teaching  of  History— is  intended 
as  an  introduction  to  the  story  of  ancient  history  for  pupils  up  to  the  age 
of  twelve. 

In  accordance  with  the  suggestions  made  in  the  above-mentioned  circular, 
it  deals  with  the  "chief  events  and  characters  from  the  history  of  the  most 
important  nations  in  their  traditional  form."  It  aims  also  at  "  giving  some 
idea  of  the  nature  of  the  great  nations  and  stages  in  civilisation,  centred 
round  certain  individuals  or  events  in  the  chronological  succession  "  in  such 
a  way  that  young  children  shall  be  a.ble  at  least  to  "  place"  the  most  notable 
ohnr-.jrtprc  of  ancient  history. 
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The  Ancient  World.  Outlines  of  Ancient  History  for  the  Middle  Forms 
of  Schools.  By  E.  M.  WJLMOT-BUXTON,  K.  R.I  list.  S.  With  12  Maps 
and  20  Illustrations.  Crown  Mvo,  33.  6d. 

This  1  <t  civilizations  of  the  Ancient World, 

as  made  known   by  recent  excavation  and   discovery,  from  the  dawn  of 
Egyptian  history  to  the  days  of  the  Roman  Empire. 

The  Greek  View  of  Life.  By  G.  LOWES  DICKINSON,  M.A.,  Fellow 
of  King's  College,  Cambridge.  Tenth  Edition.  Crown  8vo,  2s.  6d.  net. 
A  revised  edition,  reset  in  new  type,  of  this  admirable  book,  which  is  a 
general  introduction  to  Greek  literature  and  thought.  Among  the  subjects 
dealt  with  are  the  Greek  View  of  Religion,  the  State  and  its  relation  to  the 
Citizen,  Law,  Artisans  and  Slaves,  Sparta,  Athens,  Manual  Labour  and 
Trade,  Athletics,  Pleasure,  Greek  View  of  Women,  Friendship,  Art, 
Sculpture,  Painting,  Music,  etc. 

A  First  History  of  Greece.  By  EDITH  E.  FIRTH,  History  Mistress  of 
Croydon  High  School.  With  7  Maps.  Third  Edition.  Crown  8vo, 
is.  6d.  [Beginner's  Books. 

This  book  has  been  written  in  the  hope  of  supplying  a  History  of  Greece 
suitable  for  young  children.  It  is  written  in  biographical  form,  and  those 
lives  have  been  selected  which  best  explain  the  rise  and  decline  of  the 
Greeks. 

A  Junior  Greek  History.  By  W.  HORTON  SPRAGGE,  M.A.,  Assistant 
Master  at  City  of  London  School.  With  4  Maps  and  4  Plates. 
Crown  8vo,  2s.  6d.  [Junior  School  Books. 

It  describes  the  main  features  in  the  history  of  Greece  down  to  the  time  of 
its  absorption  in  the  Roman  Empire,  suitably  presented  for  junior  pupils  in 
schools.  The  greater  part  of  it  is  taken  from  ancient  authorities,  Greek  and 
Latin,  but  the  views  of  modern  writers  have  also  been  consulted. 

A  Short  History  of  Greece  to  the  Death  of  Alexander  the  Great. 

By  W.  S.  HETT,  B.A.,  Assistant  Master  a    Brighton  College.     With 
many  Maps.     Crown  8vo,  35.  6d. 

This  book  is  intended  primarily  for  the  use  of  students  reading  for  the 
Oxford  and  Cambridge  Higher  Certificate,  and  secondarily  as  an  introduc- 
tion to  a  wider  study  of  the  subject.  An  attempt  has  been  made  to  render 
some  of  the  recently  acquired  archaeological  evidence  accessible  to  those  who 
have  no  expert  knowledge.  The  recent  papers  set  for  the  Higher  Certificate 
have  demanded  far  more  than  a  mere  collection  of  facts,  and  accordingly  the 
present  work  has  been  written  with  a  view  to  giving  a  general  survey  of  the 
Greek  race  and  of  the  broad  principles  underlying  its  history. 

Stories  from  Roman  History.  By  E.  M.  WILMOT  -  BUXTON, 
F.R.Hist.S.  Fourth  Edition.  Crown  8vo,  is.  6d. 

[Beginner's  Books. 

The  object  of  this  book  is  to  provide  an  introduction  to  the  study  of 
Roman  history  by  a  series  of  stories  in  chronological  order  dealing  with  the 
main  events  and  characters  of  the  history  of  Rome. 

An  Introduction  to  the  History  of  Rome.  By  H.  N.  ASMAN,  M.  A., 
B.D.,  Owen's  School,  Islington.  With  2  Maps  and  14  Illustrations. 
Crown  8vo,  2s.  6d. 

This  book  gives  to  pupils  learning  Latin  some  knowledge  of  the  history 
of  the  great  people  whose  language  they  are  studying.  It  has  been  insisted 
by  educational  authorities  that  some  knowledge  of  the  history  of  Rome  is 
essential  not  only  for  a  proper  appreciation  of  Roman  literature,  but  that  it 
is  also  a  necessary  part  of  a  complete  education.  This  book  occupies  a  place 
between  the  primer  and  the  larger  works  on  the  subject.  It  IMVCS  \\  biK'f 
survey  of  the  history  of  Rome  to  the  death  of  Augustus.  It 'will  al 
found  useful  for  the  general  reader  v\'  .|  the 
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A  Short  History  of  Rome  to  the  Death  of  Augustus.  By  J. 
WELLS,  M.A.,  Fellow  and  Tutor  of  Wadham  College,  Oxford.  With 
3  Maps  and  4  Plates.  Fourteenth  Edition.  Crown  8vo,  35.  6d. 

' '  The  schoolmasters  who  have  felt  the  want  of  a  fifth-form  handbook  of 
Roman  history  may  congratulate  themselves  on  persuading  Mr.  Wells  to 
respond  to  it.  His  book  is  excellently  planned  and  executed.  Broken  up 
into  short  paragraphs,  with  headings  to  arrest  the  attention,  his  manual  does 
equal  justice  to  the  personal  and  the  constitutional  aspects  of  the  story." — 
Journal  of  Edutaftbn. 

A.  Constitutional  and  Political  History  of  Borne.  From  the 
Earliest  Times  to  the  Reign  of  Domitian.  By  T.  M.  TAYLOR,  M.A., 
Fellow  of  Gonville  and  Caius  College,  Cambridge.  Fourth  Edition. 
Crown  8vo,  7s.  6d. 

It  contains  an  account  of  the  origin  and  growth  of  the  Roman  institutions, 
and  a  discussion  of  the  various  political  movements  in  Rome  from  the  earliest 
times  to  the  reign  of  Domitian. 

Modern 

Great  Britain 

Easy  Stories  from  English  History.  By  E.  M.  WILMOT-BUXTON, 
F.R.Hist.S.  Eighth  Edition.  Crown  8vo,  is.  [Beginner's  Books. 

A  historical  reader  arranged  on  the  century  method ;  that  is,  it  aims  at 
enabling  the  learner,  before  any  detailed  study  is  attempted,  to  run  his  eye 
over  the  centuries,  and  point  out  the  main  feature  of  each  succeeding  epoch. 
A  special  point  in  the  method  here  adopted  is  the  personal  representation 
rather  than  the  abstract  idea.(  Each  event  has  been  grouped  round  the  life 
or  character  of  some  "  maker  "  of  his  country.  The  book  contains  thirty-five 
stories,  well  and  simply  told. 

A  Junior  History  of  Great  Britain.  By  E.  M.  WILMOT-BUXTON, 
F.R.Hist.S.  Third  Edition.  Crown  8vo,  2s. 

This  book  gives  a  systematic  and  interesting  account  of  the  history  of 
Great  Britain  to  pupils  of  ages  ten  to  fourteen,  who  have  hitherto  studied  the 
subject  in  the  form  of  "Stories."  To  prevent  it  from  being  a  mere  outline, 
and  in  accordance  with  the  Board  of  Education's  Circular,  many  unimport- 
ant facts  have  been  omitted,  and  the  aim  has  been  to  give  (i)  a  clear 
apprehension  of  the  chief  events  in  chronological  sequence ;  (2)  a  fairly 
detailed  study  of  those  aspects  which  should  specially  appeal  to  young  pupils. 
Not  only  have  the  more  dramatic  episodes  of  history  been  purposely  selected 
for  treatment,  but  these  have  been  illustrated,  wherever  possible,  by  dramatic 
literature  and  by  tableaux.  The  connexion  of  history  with  literature  has 
been  maintained  throughout. 

A  History  of  Great  Britain.  From  the  Coming  of  the  Angles  to  the 
Year  1870.  By  E.  M.  WILMOT-BUXTON,  F.R.Hist.S.  With  20  Maps. 
Fifth  Edition.  Crown  8vo,  35.  6d. 

This  book  attempts  to  break  through  the  conventional  lines  on  which 
History  Class-books  are  laid  down.  With  very  few  exceptions  these  books 
make  the  reign  the  chapter-limit,  and  take  each  event  in  chronological  order. 
In  this  book  the  old  system  has  been  entirely  discarded,  and  each  chapter 
will  be  found  to  deal  with  one  great  movement,  which  is  traced  in  cause, 
events,  and  result.  Another  feature  is  the  close  connection  which  has  been 
maintained  throughout  with  European  History.  Since  it  is  clearly  impossible 
to  grasp  a  great  part  of  our  internal  history  or  any  of  our  external  relations 
without  understanding  the  contemporary  position  of  affairs  on  the  Continent, 
almost  every  chapter  will  be  found  to  commence  with  a  brief  explanation  of 
the  latter,  pointing  out  the  particular  crisis  with  which  England  was 
especially  concerned. 
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Mcthucn's  Historical  Readers 

Illustrated.     Crown  8vo. 

This  series  has  been  published  in  response  to  a  demand  for  a  well-written 
and  thoroughly  up-to-date  set  of  History  Readers.  The  primary  aim  of  these 
books  is  "to  furnish  the  scholars  with  a  connected  knowledge:  in  outline  of  the 
main  course  of  English  history,  and  of  a  few  leading  events  in  the  history  of  other 
nations  which  have  influenced  our  own  country."  The  underlying  idea  of  each 
volume  is  set  out  in  the  title,  but  throughout  the  series  an  attempt  has  been 
made  to  combine  with  the  historical  record,  in  a  manner  calculated  to  appeal  to 
young  minds,  some  idea  of  the  qualities  that  make  for  good  citizenship. 

The  Pageant  of  British  History.  By  E.  M.  WILMOT-BUXTON, 
F.R.Hist.S.  With  2  Plates  in  Colour  and  8  other  Illustrations. 
is.  6d. 

This  book  attempts  to  show,  as  in  a  pageant,  the  course  of  English 
history  by  a  series  of  word  pictures,  and  thus  by  a  vivid  appeal  to  the 
imagination  of  the  children  to  arouse  their  interest  in  the  drama  of  the  past. 

The  Romance  of  British  History ;  or,  Britain  s  Rise  from  Savagery 
to  Civilization.  By  JOSIAH  TURNER.  With  a  Frontispiece  in  Colour 
and  8  other  Illustrations,  is.  6d. 

This  volume  contains  a  more  systematic  treatment  of  the  subject  on  con- 
centric lines,  with  special  emphasis  on  the  great  movements  that  have  left  a 
permanent  mark  on  the  history  of  the  country,  and  tracing  the  influence  of 
geographical  conditions  on  historical  development. 

The  Growth  of  Modern  Britain.  An  Outline  History  of  the  British 
People  from  1830  to  1910.  By  B.  H.  SUTTON.  With  a  Frontispiece 
in  Colour,  and  8  other  Illustrations.  2s. 

This  volume,  after  summarising  the  leading  events  up  to  1830,  deals  in 
greater  detail  with  the  modern  period  from  1830  to  1910.  It  is  written  on 
entirely  new  lines,  and  a  considerable  amount  of  space  is  devoted  to  indus- 
trial progress  and  social  conditions.  The  development  of  local  government 
is  sketched  in  simple  language,  and  the  moral  of  history  is  applied  to  the 
practical  problems  that  confront  the  democracy  of  to-day.  The  book  aims 
also  at  giving,  in  a  small  space,  some  knowledge  of  modern  political  con- 
ditions such  as  will  enable  the  child  on  leaving  school  to  take  his  place  as  a 
citizen,  and  play  his  part  in  the  government  of  the  Empire. 

Methuen's  School  History  of  England 

In  Three  Volume* 

A  Short  History  of  Early  England.  To  1485.  By  H.  J.  CAPE, 
M.A.,  B.A.,  B.Sc.,  F.R.Hist.S.,  Headmaster  of  the  Mathematical 
School,  Rochester.  With  6  Maps.  Crown  8vo,  2s.  6d. 

The  author  has  endeavoured  to  carry  out  the  suggestions  contained  in 
two  recent  and  most  valuable  Memoranda  of  the  Board  of  Education.  By 
limiting  the  space  devoted  to  the  less  instructive  reigns,  it  has  been  possible 
to  treat  at  greater  length  the  events  of  outstanding  importance,  while  the 
great  movements  of  history  are  discussed  in  their  European  bearing  and  not 
merely  from  the  influence  which  they  exercised  upon  our  own  country. 

It  is,  however,  hoped  that  the  book  will  satisfy  the  requirements  of  those 
who  need  a  practical  textbook  for  examination  purposes. 

*A  Short  History  of  Tudor  and  Stuart  England.    1485-1714.    By 

L.  OLDERSHAW,  M.A.     With  Maps.     Crown  8vo,  2s.  6d. 

This  volume  aims  at  showing  the  position  of  England  in  Europe,  and  at 
sketching  her  internal  development  during  the  period  when  the  foundations 
of  the  modern  State  and  the  Empire  were  being  laid. 

The  Reformation  and  the  counter  Reformation,  and  England's  attitude 
in  regard  to  these  movements,  the  Irish  policy  of  the  1'udors,  and  of 
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Methuen's  School  History  of  England— contmwed 

Cromwell,  the  great  struggle  of  the  Executive  and  the  Legislature,  and  the 
increasing  attention  paid  to  commercial  problems  and  in  foreign  relations 
are  among  the  larger  questions  dealt  with  in  broad  and  simple  outlines. 
As  in  the  other  volumes  of  the  series,  each  chapter  deals  with  a  particular 
phase  of  the  subject;  illustrative  extracts  drawn  from  typical  "sources" 
are  added  to  many  of  the  chapters,  and  its  usefulness  has  been  further 
increased  by  the  inclusion  of  summaries  and  a  biographical  index. 

A  Short  History  of  Modern  England.  1714-1910.  By  ERNEST 
BOWYER,  B.A.,  B.Sc.  With  7  Maps  and  Genealogical  Tables.  Crown 
8vo,  2s.  6d. 

This  volume  has  been  written,  on  modern  lines,  expressly  for  Upper 
Forms  of  Schools.  In  order  to  enable  the  young  pupil  to  grasp  the 
history  of  his  country  during  the  last  two  centuries  as  an  intelligible  whole, 
the  economic  side  of  England's  history  and  the  part  she  has  played  in 
international  politics  have  been  dealt  with  in  greater  detail  than  is  usual 
in  textbooks  written  for  schools.  Each  chapter  deals  with  a  particular  phase 
of  the  subject ;  illustrative  extracts  drawn  from  typical  ' '  Sources  "  are  added 
to  many  of  the  chapters,  and  the  usefulness  of  the  volume  is  further  in- 
creased by  the  inclusion  of  biographies  and  summaries. 


School  County  Histories 

Illustrated.     Crown  8vo,  is.  6d. 

This  series  is  designed  to  enforce  the  idea,  so  all-important  in  young  people's 
education,  that  history  begins  at  home.  The  volumes  are  meant  to  bring  history 
into  connexion  with  scenes  which  their  readers  know,  to  illustrate  manners 
by  local  examples,  and  to  teach,  that  every  place  has  its  interest  and  its  story. 
Maps  and  illustrations  are  freely  added,  and  each  county  volume  is  written  by 
an  author  who  has  made  a  special  study  of  the  county  he  treats. 

A  School  History  of  Middlesex,  including  London.  By  VICTOR 
G.  PLARR,  M.A.,  and  F.  W.  WALTON,  M.A.  With  45  Illustrations 
and  a  Plan  of  London. 

A  School  History  of  Surrey.  By  H.  E.  MALDEN,  M.A.  With  4 
Maps  and  50  Illustrations. 

A  School  History  of  Somerset.  By  WALTER  RAYMOND.  With 
70  Illustrations.  Second  Edition. 

A  School  History  of  Warwickshire.  By  Sir  B.  C.  A.  WINDLE,  D.Sc., 
F.R.S.,  President  of  Queen's  College,  Cork.  With  47  Illustrations. 


A   Handy   Digest    of  British   History.      By   C    E.    SNOWDEN. 
Demy  8vo,  45.  6d. 

A  guide  and  companion  that  aims  at  presenting  a  clear  and  easily  grasp- 
able  analysis  of  the  course  of  events  to  students  who  are  reading,  and  at 
refreshing,  at  a  minimum  cost  of  time  and  trouble,  the  memories  of  those 
who  have  read.  It  supplies  a  commentary  on  trie  more  important  and 
leading  questions  of  each  period,  while  it  contents  itself  with  the  barest 
mention  of  episodes,  the  details  of  which  can  be  found  in  most  textbooks. 


LIST  OF   EDUCATIONAL   BOOKS  23 

English  Life  Three  Hundred  Years  Ago.  Being  the  first  two 
chapters  of  "England  under  the  Stuarts."  By  (',.  VI.  TKKVKLYAN, 
M.A.,  late  Fellow  of  Trinity  College,  Cambridge.  Edited  by  J.  TURRAL, 
B.A.,  Headmaster  of  the  Blackpool  Secondary  School.  Second  Edition. 
Crown  8vo,  is. 

A  graphic  account  of  the  state  of  England  and  English  Society  from 
1603  to  1640. 

A  Constitutional  History  of  England.      By  A.    M.   CHAMUKRS, 

Honours  School  of  Modern  History,  Oxford  ;  History  Mistress,  Bedford 
High  School.  Fourth  Edition.  Crown  8vo,  6s. 

This  book  is  meant  primarily  for  use  in  the  Upper  Forms  in  schools  and 
for  Students  beginning  more  advanced  work.  It  deals  mainly  with  Saxon 
and  Feudal  Organization,  and  with  the  evolution  of  the  Central  Government 
out  of  earlier  institutions.  The  development  of  each  branch  of  the  Con- 
stitution— Executive,  Legislature,  and  Judicature — is  traced  separately,  but, 
as  far  as  possible,  the  history  of  each  subject  is  dealt  with  chronologically. 
The  difference  between  the  English  and  other  constitutions  is  examined,  and 
its  chief  characteristics  are  pointed  out,  while  the  relationship  of  the  several 
branches  of  the  Constitution  to  each  other,  now  and  in  the  past,  is  shown, 
and  an  attempt  is  made  to  suggest  the  practical  effects  of  the  present  balance 
of  power  in  the  State  on  the  Constitution. 

Original    Illustrations    of    English    Constitutional    History. 

Comprising  a  Selected  Number  of  the  Chief  Charters  and  Statutes. 
By  D.  J.  MEDLEY,  M.A.,  Professor  of  History  in  the  University  of 
Glasgow.  Crown  8vo,  75.  6d.  net. 

This  volume  covers  the  whole  period  from  the  Anglo-Saxon  laws  to  the 
Act  of  Union  with  Ireland.  University  teachers  have  long  desired  such  a 
collection  in  a  single  volume.  In  those  already  published  the  pieces  are 
translated.  But  since  the  object  of  this  selection  is  that  it  should  serve  as 
an  introduction  to  more  extended  study,  the  documents  written  in  French  or 
Latin  are  presented  in  the  original  language,  and  they  are  annotated 
throughout  with  extracts  from  other  original  material  bearing  on  all  important 
points,  in  order  that  each  passage  may  be  as  far  as  possible  its  own 
interpreter. 

The  Industrial  History  of  England.  By  H.  DE  B.  GIBBINS,  Litt.D., 
M.A.  With  Maps  and  Plans.  Twenty-first  Edition.  Crown  8vo,  35. 

An  introduction  to  the  subject,  giving  in  concise  and  simple  form  the  main 
outlines  of  England's  economic  history.  As  far  as  possible  the  economic 
questions  are  connected  with  the  social,  political,  and  military  movements. 

British  Commerce  and  Colonies  from  Elizabeth  to  Victoria. 
By  H.  de  B.  GIBBINS,  LittD.,  M.A.  Fifth  Edition.  Crown  8vo,  2s. 

[Commercial  Series. 

A  review  of  the  history  of  British  Commerce,  written  in  simple  and  concise 
form,  without  elaborate  detail. 

Battles  of  English  History.  By  H.  B.  GEORGE,  M.  A.,  Fellow  of  New 
College,  Oxford.  With  numerous  Plans.  Fifth  Edition.  Crown 
8vo,  33.  6d. 

This  book  is  intended  to  give  a  clear  general  idea  of  all  the  most  im- 
portant Battles  of  English  History,  and,  without  being  technical,  to  bring 
out  their  meaning.  It  is  suitable  for  an  Upper  Form  textbook  or  school  prize. 


24  MESSRS.   METHUEN'S 

Revision  Notes  on  English  History.  By  F.  WALLACE-HADRILL. 
Crown  8vo,  is. 

This  book  is  not  intended  to  supersede,  but  rather  to  supplement  the  use 
of  the  ordinary  class-book,  and  has  been  written  chiefly  for  the  use  of 
candidates  preparing  for  the  Local  Examinations.  It  contains  a  chrono- 
logical analysis  of  the  leading  events  of  English  history,  together  with 
general  notes  on  each  reign. 

Examination     Papers     in     English     History.      By    J.     TAIT 

WARDLAW,  B.  A.     Crown  8vo,  2s.  6d.  [School  Examination  Series. 

These  papers  are  designed  for  candidates  for  a  pass  degree  in  History  in 

the   Universities,    and   for  students  taking  Historical  Scholarships,   Army 

Candidates,  and  the  ordinary  work  in  Public  Schools. 

Junior  History  Examination  Papers.  By  W.  O.  P.  DAVIES.  Crown 
8vo,  is.  [Junior  Examination  Series. 

For  pupils  preparing  for  the  Oxford  and  Cambridge  Locals,  College  of 
Preceptors,  and  other  Junior  Examinations.  They  have  been  modelled  on 
papers  actually  set  by  the  various  examining  bodies,  and  the  answers 
required  will  prove  useful  exercises  in  Composition.  They  are  all  most 
carefully  graduated,  and  can  be  used  either  to  test  one  particular  period, 
or  as  Examination  Papers  of  the  subject  generally. 

The  Bights  and  Duties  of  the  English  Citizen.   [See  under  "  Civics* 

A  Student's  History  of  Scotland.  By  DAVID  W.  RANNIE,  M.A. 
With  4  Maps.  Crown  8vo,  33.  6d. 

A  history  written  throughout  in  simple  language,  and  putting  as  clearly 
as  possible  the  results  of  the  most  careful  recent  criticism  from  original 
sources. 

Europe  and  the  Empire 

Six  Ages  of  European  History 
FROM  A.D.  476  TO  1878 

Edited  by  A.  H.  JOHNSON,  M.A.,  Fellow  of  All  Souls'  College,  Oxford. 
With  Maps.     Crown  8vo,  2s.  6d.  each 

The  Dawn  of  Medieval  Europe,  476-918.  By  J.  H.  B.  MASTERMAN, 
M.A.,  Professor  of  History  in  the  University  of  Birmingham.  With 
12  Maps.  Third  Edition. 

It  is  hardly  possible  to  understand  European  history  without  some  know- 
ledge of  the  settlement  of  Europe  after  the  Teutonic  immigrations  and  the  fall 
of  the  Empire  in  the  West.  This  volume  traces  the  successive  rise  of  the 
Gothic  and  Frankish  Kingdoms,  leading  to  the  establishment  of  the  Holy 
Roman  Empire  under  Charles  the  Great,  and  its  break  up  under  his  descend- 
ants. The  influence  of  the  Eastern  Empire,  and  the  rise  and  conquests  of  the 
Mohammedan  faith,  are  considered  chiefly  in  their  bearing  on  the  develop- 
ment of  Western  Europe.  Attention  is  directed  especially  to  the  central 
figures  of  the  period:  Theodoric,  S.  Benedict,  Justinian,  Clovis,  Charles  the 
Great. 

The  Central  Period  of  the  Middle  Age,  918-1273.  By  B.  A.  LEES, 
Resident  History  Tutor,  Somerville  College,  Oxford.  With  10  Maps. 
Third  Edition. 

Opening  with  the  election  of  Henry  the  Fowler,  and  closing  with  the  rise 
of  the  House  of  Hapsburg  to  power,  it  covers  the  period  of  the  struggle  for 
supremacy  between  Empire  and  Papacy  and  of  the  gradual  building  up  of 
the  nations  of  modern  Europe  on  the  ruins  of  Imperial  Rome.  It  traces  the 
development  of  feudalism  and  monasticism,  of  chivalry  and  the  Crusades,  of 
scholasticism  and  the  Universities,  and  connects  these  great  movements  with 
the  great  men  who  inspired  and  led  them. 
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The  End  of  the  Middle  Age,  1273-1453.  By  E.  C.  LODGE,  Vice- 
Principal  and  History  Tutor,  Lady  Margaret  Hall.  Third  Edition. 

The  period  which  it  covers  is  one  of  great  importance.  It  marks  the  decay 
of  the  political  system  of  the  Middle  Ages,  and  the  disappearance  of  the  old 
unity  in  Western  Europe  ;  whilst  in  it  can  be  traced  the  growth  of  new  ideals 
to  take  the  place  of  the  old,  and  above  all  the  rise  of  nations.  It  is  essentially 
a  time  of  transition,  a  period  of  effort  and  experiment  rather  than  of  finished 
work.  Its  great  interest  lies  in  the  fact  that  all  the  details  of  the  history  are 
part  of  this  gradual  change  from  the  Middle  Ages  to  Modern  days. 

Europe  in  Renaissance  and  Reformation,  1453-1660.    By  M.  A. 

ROLLINGS,  M.A.     Fourth  Edition. 

This  book  deals  with  the  formation  of  the  modern  European  state-system, 
the  Renaissance  and  Reformation  (both  Protestant  and  Catholic),  the  con- 
solidation and  ascendancy  of  France  in  Europe,  and  the  Wars  of  Reb'gion, 
ending  with  the  Thirty  Years'  War. 

The  Age  of  the  Enlightened  Despot,   1660-1789.      By  A.   H. 

JOHNSON,  M.A.,  Fellow  of  All  Souls'.    With  II  Maps.    Fifth  Edition. 

The  period  covered  by  this  volume  opens  with  the  triumph  of  the  monarchy 
of  Louis  XIV  and  closes  with  the  failure  of  the  rule  of  Louis  XVI.  The  aim  of 
the  volume  is  to  bring  clearly  before  the  young  reader  the  theory  of  monarchical 
rule  represented  by  these  kings,  and  to  show  when  and  why  they  succeeded 
or  failed. 

The  Remaking  of  Modern  Europe :  From  the  Outbreak  of  the  French 
Revolution  to  the  Treaty  of  Berlin,  1789-1878.  By  J.  A.  R.  MARRIOTT, 
M.A.  With  10  Maps.  Ninth  Edition. 

It  contains  a  sketch  of  European  history,  presenting  a  vivid  picture  of  the 
revolutionary  period,  of  the  rise  and  fall  of  Napoleon,  and  of  the  larger  move- 
ments of  European  politics  since  Waterloo. 


Stories  from  Modern  History.  By  E.  M.  WILMOT-BUXTON, 
F.R.Hist.S.  Crown  8vo,  is.  6d.  {New  Historical  Series. 

An  introduction  to  the  story  of  modern  history  for  pupils  up  to  the  age  of 
twelve.  In  accordance  with  the  suggestions  made  in  the  late  circular  of  the 
Board  of  Education,  it  deals  with  "  the  chief  events  and  characters  from  the 
history  of  the  most  important  nations  in  their  traditional  form."  It  aims  also 
at  "giving  some  idea  of  the  nature  of  the  great  nations  and  stages  in  civilisa- 
tion, centred  round  certain  individuals  or  events  in  their  chronological 
succession"  in  such  a  way  that  young  children  shall  be  able  at  least  to 
"place"  the  most  notable  characters  of  history. 

Makers  of  Europe.  Outlines  of  European  History  for  the  Middle  Forms 
of  Schools.  By  E.  M.  WILMOT-BUXTON,  F.R.Hist.S.  With  12  Maps. 
Fiteenth  Edition.  Crown  8vo,  35.  6d. 

A  Textbook  of  European  History  for  Middle  Forms  and  Pupil  Teachers. 

Tales  from  Irish  History.  By  A.  BIRKHEAD,  B.A.  With  a  Map. 
Crown  Svo,  is.  6d.  [Stories  from  the  Histories. 

Stories  from  French  History.  By  TAYLOR  DYSON,  M.A.  With  a 
Map.  Crown  Svo,  is.  6d.  [Stories from  the  Histories. 

Stories  from  Scottish  History.  By  E.  M.  WILMOT-BUXTON, 
F.  R.  Hist.  S.  With  a  Map.  Crown  8vo,  is.  6d.  [Stories from  the  Histories. 

Stories  from  American  History.  By  ALICE  BIRKHEAD.  With  a 
Map,  Crown  Svo,  is.  6d.  [Stories  from  the  Histories. 
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The  Story  of  the  British  Empire  for  Children.  By  F.  M.  ANDERSON. 
With  many  Illustrations.  Revised  Edition.  Crown  8vo,  2s. 

This  book  gives  the  story  of  the  Empire  in  simple  language  for  children. 
Part  I.  gives  a  rapid  survey  of  the  Colonies  and  Dependencies  to  show  the 
unity  of  the  whole  under  the  Crown.  Part  II.  describes  in  greater  detail 
India,  Canada,  New  Zealand,  Australia,  and  Tasmania. 

History  and  Geography  Examination  Papers.  By  C.  H.  SPENCE, 
M.A.  Third  Edition,  Revised.  Crown  8vo,  2s.  6d. 

[School  Examination  Series. 

The  French  Revolution.  By  J.  E.  SYMES,  M.A.,  Principal  of  Uni- 
versity College,  Nottingham.  With  a  Map.  Second  Edition.  Crown 
8vo,  2s.  6d. 

A  short  general  account  of  the  French  Revolution,  bringing  out  the 
significance  of  the  chief  facts  and  their  relation  to  problems  of  our  own  time. 


LATIN 

Grammars,  Exercises,  etc. 

A  School  Latin  Grammar.  By  H.  G.  FORD,  M.A.,  Assistant  Master 
at  Grammar  School,  Launceston,  Tasmania.  Third  Edition,  Revised. 
Crown  8vo,  2s.  6d.  [Junior  School  Books. 

Both  in  the  Accidence  and  Syntax  what  is  essential  for  beginners  is 
carefully  separated,  by  a  system  of  typing  or  paging,  from  what  they  may 
neglect.  The  book  may  thus  be  used  by  boys  of  all  forms. 

An  Elementary  Latin  Exercise  Book.  By  H.  G.  FORD,  M.A.,  and 
L.  V.  CAUDWELL,  M.A.,  Assistant  Master  at  Bristol  Grammar 
School.  Crown  8vo,  2s.  6d. 

This  book  covers  a  two  years'  course  divided  into  six  parts,  each  part 
containing  twelve  explanations  and  twelve  vocabularies  of  uniform  length 
(10  words),  with  twenty  English-Latin  sentences  and  fifteen  Latin-English 
to  each  explanation.  Throughout  only  words  and  constructions  found  in 
Caesar  B.  G.  are  used. 

It  is  a  companion  book  to  Mr.  Ford's  "  A  School  Latin  Grammar." 

Elementary  Latin.  Being  a  First  Year's  Course.  By  F.  J.  TERRY, 
B.A.,  Headmaster,  Preparatory  School  for  Boys,  Northwood.  Crown 
8vo,  Pupils'  Book,  2s.  ;  Masters'  Book,  33.  6d.  net. 

A  year's  school  course  arranged  for  class  teaching,  with  text  written  to 
allow  the  gradual  introduction  of  all  inflected  forms.  Nouns  and  verbs  are 
built  up  according  to  their  stem  formation  throughout,  so  that  the  learner 
gradually  acquires  the  Accidence  systematically.  As  a  matter  of  practical 
experience,  boys  10  or  n  years  of  age  are  able  to  construe  Caesar  at  the  end 
of  the  course  with  but  little  help.  The  book  contains  Vocabularies,  Grammar, 
and  Exercises,  and  no  other  textbook  is  required  by  the  pupils.  The  Masters' 
Book  is  a  commentary  on  the  Pupils'  book,  and  explains  the  system  of  teach- 
ing. It  directs  attention  consistently  throughout  to  the  meaning  of  words, 
and  thus  explains  the  Grammar. 

A  Junior  Latin  Prose.  By  H.  N.  ASMAN,  M.A.,  B.D.  Crown 
8vo,  2s.  6d.  [Junior  School  Books. 

The  "Junior  Latin  Prose"  is  written  primarily,  though  not  exclusively, 
with  a  view  to  the  Junior  Locals.  It  contains  explanation  of,  and  exercises 
on,  the  chief  rules  of  Syntax,  with  special  attention  to  points  which  cause 
difficulty  to  boys,  and  concludes  with  exercises  in  Continuous  Prose. 
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Exercises  in  Latin  Accidence.  By  S.  E.  WIN  BOLT,  M.A.  Crown 
Svo,  is.  6d. 

This  hook  is  adapted  for  Lower  Forms,  and  is  intended  to  accompany  the 
Shorter  Latin  Primer. 

Latin  Passages  for  Unseen  Translation.  By  A.  M.  COOK,  M.A., 
and  E.  C.  MARCH  ANT,  M.A.,  Tutor  of  Lincoln  College,  Oxford. 
Seventh  Edition.  Crown  Svo,  is.  6d. 

Two  hundred  Latin  passages,  arranged  in  order  of  increasing  difficulty. 
Has  been  carefully  compiled  to  meet  the  wants  of  V.  and  VI.  Form  boys  at 
the  Public  Schools,  and  is  also  well  adapted  for  the  use  of  honoursmen  at  the 
Universities.  Prose  and  verse  alternate  throughout. 

Notes  on  Greek  and  Latin  Syntax.  By  G.  BUCKLAND  GREEN, 
M.A.,  Assistant  Master  at  Edinburgh  Academy.  Fourth  Edition. 
Crown  Svo,  33.  6d. 

For  description,  see  under  "Greek." 

Latin  Hexameter  Verse.  An  Aid  to  Composition.  By  S.  E.  WINBOLT, 
M.A.  Crown  Svo,  35.  6d.  Key,  55.  net. 

This  book  contains  the  fruit  of  several  years'  class  teaching.  It  is  offered 
as  a  help  to  Fifth  and  Sixth  Forms  at  Public  Schools,  and  Undergraduates 
at  Universities. 

The  principle  adopted  is  to  aid  in  the  composition  of  hexameter  verse,  by 
showing  to  some  extent  the  development  of  this  literary  form,  by  inferring 
from  the  evolution  what  is  the  best  workmanship,  and  by  hinting  how 
technique  depends  largely  on  thought. 

By  A.   M.   M.  Stedman,  M.A. 

Initia  Latina.  Easy  Lessons  on  Elementary  Accidence.  Revised  by 
C.  G.  BOTTING,  M.A.  Fifteenth  Edition.  Fcap.  Svo,  is. 

A  very  easy  Latin  course  for  quite  young  pupils,  containing  Grammar, 
Exercises,  and  Vocabularies. 

First  Latin  Lessons.  Revised  by  C.  G.  BOTTING,  M.A.  Fourteenth 
Edition.  Crown  Svo,  2s. 

This  book  is  much  fuller  than  "Initia  Latina,"  and  while  it  is  not  less 
simple,  it  will  carry  a  boy  a  good  deal  further  in  the  study  of  elementary 
Latin.  The  Exercises  are  more  numerous,  some  easy  translation  adapted 
from  Caesar  has  been  added,  and  a  few  easy  Examination  Papers  will  afford 
a  useful  test  of  a  boy's  knowledge  of  his  grammar.  The  book  is  intended 
to  form  a  companion  book  to  the  "  Shorter  Latin  Primer." 

A  First  Latin  Header.  With  Notes  adapted  to  the  Shorter  Latin 
Primer,  and  Vocabulary.  Revised  byC.  G.  BOTTING,  M.A.  Seventh 
Edition.  iSmo,  is.  6d. 

A  collection  of  easy  passages  without  difficulties  of  construction  or 
thought.  The  book  commences  with  simple  sentences  and  passes  on  to 
connected  passages,  including  the  history  of  Rome  and  the  invasion  of 
Britain,  simplified  from  Eutropitis  and  Caesar. 

Easy  Latin  Passages  for  Unseen  Translation.  Fifteenth  Edi- 
tion. Fcap.  Svo,  is.  6d. 

A  collection  of  short  passages  for  beginners.  The  pieces  are  graduated 
in  length  and  difficulty. 

Exempla  Latina.  First  Exercises  in  Latin  Accidence.  With  Vocabu- 
lary. Fifth  Edition.  Crown  Svo,  is. 

This  book  is  intended  to  be  used  midway  between  a  book  of  elementary 
lessons  and  more  difficult  Exercises  on  Syntax.  It  contains  simple  and 
copious  exercises  on  Accidence  and  Elementary  Syntax. 
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Easy  Latin  Exercises  on  the  Syntax  of  the  Shorter  and 
Revised  Latin  Primers.  Revised  by  C.  G.  BOTTING,  M.A.  With 
Vocabulary.  Fifteenth  Edition.  Crown  8vo,  is.  6d.  Key,  35.  net. 

This  book  has  been  compiled  to  accompany  Dr.  Kennedy's  "Shorter 
Latin  Primer"  and  "Revised  Latin  Primer."  Special  attention  has  been 
paid  to  the  rules  of  oratio  obliqua,  and  the  exercises  are  numerous. 

The  Latin  Compound  Sentence.  Rules  and  Exercises.  Second  Edi- 
tion. Crown  8vo,  is.  6d. ;  with  Vocabulary,  2s. 

This  book  has  been  compiled  to  meet  the,  requirements  of  boys  who  have 
worked  through  a  book  of  easy  exercises  on  Syntax,  and  who  need  methodical 
teaching  on  the  Compound  Sentence.  In  the  main  the  arrangement  of  the 
Revised  Latin  Primer  has  been  followed. 

Notanda  Qusedam.  Miscellaneous  Latin  Exercises  on  Common  Rules 
and  Idioms.  Sixth  Edition.  Fcap.  8vo,  is.  6d.  ;  with  Vocabulary,  2s. 
Key,  2s.  net. 

This  volume  is  designed  to  supply  miscellaneous  practice  in  those  rules 
and  idioms  with  which  boys  are  supposed  to  be  familiar.  Each  exercise 
consists  of  ten  miscellaneous  sentences,  and  the  exercises  are  carefully  gradu- 
ated. The  book  may  be  used  side  by  side  with  the  manuals  in  regular  use. 

Latin  Vocabularies  for  Repetition.  Arranged  according  to  Subjects. 
Revised  by  C.  G.  BOTTING,  M.A.  Eighteenth  Edition.  Fcap.  8vo,  is.  6d. 
In  this  book  an  attempt  has  been  made  to  remedy  that  scantiness  of 
vocabulary  which  characterises  most  boys.  The  words  are  arranged  ac- 
cording to  subjects  in  vocabularies  of  twelve  words  each,  and  if  the  matter 
of  this  little  book  of  eighty-nine  pages  is  committed  to  memory,  the  pupil 
will  have  a  good  stock  of  words  on  every  subject. 

A  Vocabulary  of  Latin  Idioms  and  Phrases.  Sixth  Edition. 
i8mo,  is. 

Seven  hundred  useful  Latin  phrases  arranged  alphabetically,  Latin- 
English. 

Latin  Examination  Papers  in  Miscellaneous  Grammar  and 
Idioms.  Sixteenth  Edition.  Cr.  8vo,  2s.  6d.  Key  (Seventh  Edition), 
issued  to  Tutors  and  Private  Students  only,  6s.  net. 

The  papers  have  been  compiled  to  provide  boys  who  have  passed 
beyond  the  elementary  stages  of  grammar  and  scholarship  with  practice 
in  miscellaneous  grammar  and  idioms. 

Considerable  space  has  been  given  to  the  doctrines  of  the  moods  (a  real 
test  of  accurate  scholarship),  and  to  those  short  idioms  and  idiomatic  sen- 
tences which  illustrate  the  differences  between  the  English  and  Latin 
languages. 

Junior   Latin  Examination  Papers.     By  C.  G.  BOTTING,  M.A., 
Assistant  Master  at  St.  Paul's  School.     Tenth  Edition.     Fcap.  8vo,  is. 
Key,  35.  6d.  net.  [Junior  Examination  Series. 

An  easier  book  on  the  same  lines  as  Stedman's  "Latin  Examination 
Papers."  It  is  intended  for  use  in  the  Lower  Forms  of  Public  Schools,  and 
by  candidates  preparing  for  the  Oxford  and  Cambridge  Junior  Local 
Examinations.  The  volume  contains  720  carefully  graduated  original 
questions,  divided  into  papers  of  ten  questions  each. 

Examination  Papers  on  Vergil.  By  W.  G.  COAST,  B.A.,  Assistant 
Master  at  Fettes  College.  Crown  8vo,  2s. 

Three  papers  are  given  to  each  Georgia,  five  to  each  ^Eneid,  and  one  to 
each  Eclogue,  and  in  addition  there  are  a  number  of  general  papers. 

Examination  Papers  on  Horace.  By  T.  C.  WEATHERHEAD,  M.A. 
Crown  Svo,  2s. 

In  this  volume  the  whole  of  Horace  has  been  divided  into  short  sections, 
and  a  paper  has  been  set  on  each  section,  as  well  as  (usually)  two  recapitu- 
latory papers  on  each  part,  e>g .  the  first  book  of  the  Odes. 
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Texts 

Simplified  Latin  Texts 

Edited  by  H.  N.  ASM  AN,  M.A.,  B.D.,  Second  Master  of 
Owen's  School,  Islington. 

This  series  is  being  prepared  to  meet  the  real  need  in  schools  of  a  more  varied 
selection  of  authors  for  young  pupils.  The  texts  have  been  abridged  with  a  view 
to  economy  of  time,  and  also  with  a  view  to  simplification.  This  has  been  done 
by  omission,  and  not  by  alteration.  Notes  have  been  added  sparingly,  vocabu- 
laries have  been  given,  and  naturally  long  vowels  marked  throughout.  A  few 
questions  on  the  subject-matter  have  been  appended  to  furnish  materials  and 
suggestions  for  oral  work  and  written  composition.  The  texts  are  Fcap.  8vo, 
is.  each.  The  first  volumes  is  : — 

The  Catiline  of  Sallust.     By  A.  J.  BARNETT,  M.A.,  Assistant  Master, 
Emanuel  School,  Wandsworth,  S.W. 


Csesar.— EASY  SELECTIONS  FROM  CESAR.  The  Helvetian  War. 
With  Notes  and  Vocabulary.  By  A.  M.  M.  STEDMAN,  M.A.  Re- 
vised by  C.  G.  BOTTING,  M.A.  Fifth  Edition.  i8mo,  is. 

Livy.— EASY  SELECTIONS  FROM  LIVY.  The  Kings  of  Rome. 
With  Notes  and  Vocabulary.  By  A.  M.  M.  STEDMAN,  M.A.  Illus- 
trated. Second  Edition.  i8mo,  is.  6d. 

Plautus.— THE  CAPTIVI.  Edited,  with  an  Introduction,  Textual  Notes, 
and  a  Commentary,  by  W.  M.  LINDSAY,  Fellow  of  Jesus  College, 
Oxford.  Demy  8vo,  los.  6d.  net. 

The  editor  has  recollated  all  the  important  MSS.  The  book  contains  a 
long  Introduction  and  an  important  Appendix  on  the  accentual  elements  in 
early  Latin  verse.  The  textual  Notes  are  complete  and  the  Commentary  is  full. 

Tacitus.  —  AGRICOLA.  With  Introduction,  Notes,  Maps,  etc.  By 
R.  F.  DAVIS,  M.A.  Crown  8vo,  2s. 

GERMANIA.     By  R.  F.  DAVIS,  M.A.     Crown  8vo,  as. 

The  text,  edited  with  an  Introduction,  Notes,  and  Critical  Appendix  for 


Middle  Forms. 


Translations 


Cicero.— DE  ORATORE  I.     Translated  by  E.  N.  P.  MOOR,  M.A.,  late 

Assistant  Master  at  Clifton.     Second  Edition.     Crown  8vo,  33.  6d. 
SELECT  ORATIONS  (Pro  Milone,  Pro  Murena,  Philippic  n.,  In 

Catilinam).     Translated  by  H.  E.  D.  BLAKISTON,  M.A.,  Fellow  and 

Tutor  of  Trinity  College,  Oxford.     Crown  8vo,  55. 
DE  NATURA  DEORUM.      Translated   by  F.   BROOKS,  M.A., 

late  Scholar  of  Balliol  College,  Oxford.     Crown  8vo,  35.  6d. 
DE  OFFICIIS.     Translated  by  G.  B.   GARDINER,  M.A.     Crown 

8vo,  2s.  6d. 
Horace.— THE  ODES  AND  EPODES.     Translated  by  A.  D.  GODLEY, 

M.  A.,  Fellow  of  Magdalen  College,  Oxford.     Crown  8vo,  as. 
Juvenal.— THIRTEEN    SATIRES    OF    JUVENAL.      Translated    by 

S.  G.  OWEN,  M.A.     Crown  8vo,  as.  6d. 
Tacitus.— AGRICOLA  AND  GERMANIA.    Translated  by  R.  B.  TOWN- 

SHEND.  late  Scholar  of  Trinity  College,  Cambridge.    Crown  8vo,  as.  6d. 
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MATHEMATICS 

Algebra 

Easy  Exercises  in  Algebra  for  Beginners.  Containing  3500 
Original  Problems.  By  W.  S.  BEARD.  Third  Edition.  Crown  Svo. 
With  Answers,  is.  gd.  ;  Without  Answers,  is.  6d. 

A  preparatory  course  in  Algebra  for  the  Local  Examinations.  This  book 
contains  many  distinctive  features. 

Test  Cards  in  Euclid  and  Algebra.  By  D.  S.  CALDERWOOD. 
In  three  packets  of  40,  with  Answers,  is.  each;  or  in  three  books, 
price  2d.,  2d.,  and  3d. 

Junior   Algebra  Examination  Papers.     By  S.    W.   FINN,    M.A., 

Headmaster  of  Sandbach  School.     With  or  Without  Answers.     Second 

Edition.     Fcap.  Svo,  is.  [Junior  Examination  Series. 

Seventy-two  Papers  of  ten  questions  each.      The  problems,  which  are 

original,  will  be  found  suitable  for  candidates  for  the  Local  Examinations. 

Arithmetic 

Easy  Exercises  in  Arithmetic.  Containing  5000  Examples.  By 
W.  S.  BEARD.  Ninth  Edition.  Fcap.  Svo.  With  Answers,  is.  3d. ; 
Without  Answers,  is.  [Beginner's  Books. 

A  course  of  Arithmetic  for  Lower  Forms  in  Secondary  Schools  and  pupils 
preparing  for  Public  Schools,  Naval  Cadetships,  the  Oxford  and  Cambridge 
Preliminary  Local  Examinations.  The  examples  are  very  numerous,  care- 
fully graduated,  and  do  not  involve  the  use  of  big  numbers. 

Junior    Arithmetic    Examination    Papers.     By    W.    S.    BEARD. 

With  or  Without  Answers.     Seventh  Edition.     Fcap.  Svo,  is. 

[Junior  Examination  Series. 

Contains  900  Questions  arranged  in  Papers  of  ten  each.  Suitable  for 
candidates  for  the  Local  Examinations,  County  Scholarships,  etc. 

A  Child's  Book  of  Arithmetic.  By  HERBERT  MCKAY,  B.Sc.(Lond.), 
Honours  in  Mathematics.  With  many  Illustrations  by  LILIAN  FAIR- 
WEATHER.  Crown  Svo,  lod. 

A  novel  and  amusing  little  book  on  Arithmetic.  The  subject  is  pre- 
sented in  a  most  attractive  form,  and  the  word  "  problem"  is  robbed  of  all 
its  terrors. 

The  Metric  System.  By  LEON  DELBOS.  With  numerous  Examples. 
Crown  Svo,  2s. 

A  clear  and  practical  account  of  the  subject. 

Technical  Arithmetic  and  Geometry.  By  C.  T.  MILLIS,  M.I.M.E., 
Principal  of  the  Borough  Polytechnic  Institute.  For  use  in  Technical 
Institutes,  Modern  Schools,  and  Workshops.  Second  Edition,  Revised. 
Crown  Svo,  33.  6d.  [Textbooks  of  Science. 

A  course  in  Arithmetic,  Geometry,  and  Mensuration  intended  more 
especially  for  students  in  the  engineering  and  building  trades. 

Exercises  and  Examination  Papers  in  Arithmetic,  Logarithms, 
and  Mensuration.  By  C.  PENDLEBURY,  M.A.,  late  Senior  Mathe- 
matical Master  at  St.  Paul's  School.  Sixth  Edition.  Crown  Svo,  as.  6d. 
Key,  53.  net.  [School  Examination  Series, 
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A  New  Junior  Arithmetic.  By  II.  BOM  PAS  SMITH,  M.A.,  Head- 
master of  King  Kchvard  VII  School,  Lytham.  Third  Edition.  Crown 
8vo.  With  Answers,  2s.  6d.  ;  Without  Answers,  2s. 

In  this  book  Arithmetic  is  taught  as  the  habitual  Application  of  common 
sense  to  questions  involving  number,  not  as  the  acquisition  of  mechanical 
facilities  in  certain  rules.  It  is  the  cheapest  Arithmetic  on  reform  lines  issued. 
The  present  edition  contains  additional  examples  on  the  lines  of  the 
questions  set  at  the  Oxford  and  Cambridge  Junior  Local  Examinations,  by 
W.  S.  Beard. 

A    Short    Commercial    Arithmetic.     By   F.    G.    TAYLOR,    M.A. 

Fifth  Edition.     Crown  8vo,  is.  6d.  [Commercial  Series. 

A  treatise  for  those  with  a  fair  knowledge  of  Arithmetic  and  Algebra. 

Special  attention  is  given  to  quick  methods  of  approximation.     Contains  an 

excellent  chapter  on  the  slide  rule. 


Book-keeping 


Double-Entry  Book-keeping.      A  Complete  Treatise  on  its  Theory 

and  Practice.     By  JAMES  CUSACK,  LL.D.,  Principal  of  the  Business 
Training  College,  Finsbury  Square.     Crown  8vo,  3$.  6d. 

Covers  the  requirements  for  all  the  Elementary,  Junior,  and  Intermediate 
Examinations  held  by  the  London  Chamber  of  Commerce,  the  Royal  Society 
of  Arts,  the  National  Union  of  Teachers,  the  Oxford  and  Cambridge  Senior 
Locals,  the  College  of  Preceptors,  and  other  similar  Examinations. 
The  Principles  of  Book-keeping  by  Double  Entry.  By  J.  E. 
B.  M 'ALLEN,  M.A.,  Headmaster  of  Lowestoft  Secondary  Day  School. 
Crown  8vo,  2s.  [  Commercial  Series. 

A  clear  and  intelligible  account  of  the  principles  for  those  who  have  no 
previous  knowledge  of  the  subject. 

Examination  Papers  in  Book-keeping.  By  J.  T.  MEDHURST. 
Tenth  Edition.  Crown  8vo,  33.  Key,  2s.  6d.  net. 

[School  Examination  Series, 

Geometry 

Practical  Geometry  for  Schools.  By  SIDNEY  A.  SWITZBR,  Art 
Master  and  Honours  Medallist  in  Geometry,  Examiner  to  the  Examina- 
tion Board  of  the  N.U.T.  Fully  Illustrated.  Crown  8vo,  2s. 

This  up-to-date  textbook  is  the  result  ot  twenty  years'  practical  experi- 
ence. It  is  designed  to  assist  students  generally,  and  is  suited  to  the 
requirements  of  candidates  taking  the  Board  of  Education,  Oxford  and 
Cambridge  Local,  and  College  of  Preceptors'  Examinations.  The  problems 
are  well  graduated  ;  suggestive  dimensions  are  inserted  in  their  enunciation  ; 
and  they  are  all  illustrated.  Each  page  is  self-contained,  so  that  there  is  no 
turning  over  in  the  study  of  any  one  problem.  Each  jjage  has  a  correspond- 
ing set  of  exercises.  These  exercises  are  mostly  original. 

Geometry  on  Modern  Lines.  By  E.  S.  BOULTON,  M.A.,  Lecture! 
on  Mathematics,  Merchant  Venturers'  Technical  College,  Bristol. 
Crown  8vo,  2s. 

A  textbook  on  the  new  method.  Only  necessary  propositions  have  been 
retained,  and  the  proofs  are  based  on  the  simplest  process  of  reasoning. 

A  Preliminary  Geometry.  By  NOEL  S.  LYDON,  Assistant  Master  at 
Owen's  School,  Islington.  With  159  Diagrams.  Crown  8vo,  is. 

The  "  Preliminary  Geometry  "  is  intended  for  the  use  of  beginners.  The 
treatment  of  the  subject  is  mainly  experimental  and  practical,  and  the 
ground  covered  is  sufficient  to  enable  the  pupil  to  pass  easily  to  the  study  of 
a  formal  course  of  theorems.  Problems  involving  accurate  measurement  and 
arithmetical  applications  of  geometrical  principles  are  freely  used ;  the  book 
is  copiously  illustrated  and  a  large  number  of  useful  exercises  is  provided. 
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A    Junior    Geometry.     By  NOEL  S.    LYDON.     With    276    Diagrams. 

Eighth  Edition.     Crown  8vo,  2s.  {Junior  School  Books. 

The  method  of  treatment  is  the  outcome  of  the  author's  long  practical  ex- 
perience as  teacher  of  the  subject  at  Owen's  School,  Islington.  The  group- 
ing of  kindred  propositions,  the  demonstrations  attached  to  the  practical 
problems,  the  copious  series  of  questions  and  exercises,  and  the  methodical 
division  of  the  subject  into  lessons  of  practical  length,  are  features  calculated 
to  commend  themselves  to  both  master  and  pupil. 


Trigonometry 


A  New  Trigonometry  for  Beginners.  By  R.  F.  D'ARCY,  M.A., 
Lecturer  on  Mathematics  at  Gonville  and  Caius  College,  Cambridge. 
With  numerous  Diagrams.  Crown  8vo,  2s.  6d. 

Among  the  special  features  of  this  book  are :— The  introduction  of  ex- 
periments in  practical  geometry  to  lead  up  to  many  of  the  topics  considered  ; 
the  use  throughout  the  book  of  four-figure  tables  ;  the  regulation  of  the 
special  consideration  of  the  trigonometrical  ratios  of  angles  of  30,  45,  60,  120, 
135,  and  150  degrees  to  a  few  worked-out  examples. 

Trigonometry  Examination  Papers.  By  the  Rev.  G.  H.  WARD, 
M.A,  Fourth  Edition.  Crown  8vo,  2s.  6d.  Key,  53.  net. 

{School  Examination  Series. 


SCIENCE 

Nature  Study 


Methuen's  Nature  Books 

These  books  have  been  specially  written  by  eminent  naturalists  to  serve  the 
purpose  of  Nature  Study  class-books.  The  respective  authors  have  had  a  long 
experience  in  teaching  and  organizing  this  important  branch  of  school-work,  and 
have  attempted  to  produce  volumes  which  will  combine  the  functions  of  a  school 
Reader,  and  at  the  same  time  deal  in  a  systematic  way  with  the  elements  of 
Nature  Study  as  carried  out  in  the  most  up-to-date  schools.  The  importance  of 
scientific  method  has  been  specially  emphasized,  and  the  whole  subject  is  treated 
in  a  manner  calculated  to  arouse  the  interest  and  curiosity  of  children,  so  that 
the  educational  value  of  Nature  Study  may  be  fully  and  adequately  realized. 

Some  Secrets  of  Nature.  Short  Studies  in  Field  and  Wood.  With  an 
Introduction  by  W.  J.  P.  BURTON,  late  Lecturer  in  Nature  Study, 
Derby  Training  College,  and  Organizer  of  Rural  Education,  North 
Riding  of  Yorkshire  Education  Committee.  Illustrated  with  Coloured 
Plates  and  Photographs  from  Nature.  Second  Edition.  Crown  8vo, 
is.  6d. 

This  book  is  designed  primarily  as  a  class-book  for  children  of  eleven 
years  of  age  and*upwards.  Its  aim  is  to  supplement  and  give  unity  to 
the  ordinary  Nature  lesson,  to  inculcate  a  love  of  the  study  of  plants  and 
animals  as  they  live  and  grow,  and  to  teach  children  to  see  and  to  think.  It 
will  be  of  great  assistance  to  teachers  in  framing  an  introductory  course  of 
lessons  in  Nature  Study,  and  will  serve  to  indicate  some  of  the  directions 
in  which  definite  lines  of  thought  may  be  pursued. 

The  Bomance  of  Nature.  Studies  of  the  Earth  and  its  Life.  By  W.  J.  P. 
BURTON.  With  a  Preface  by  the  Rev.  ALFRED  THORNLEY,  M.A., 
Superintendent  of  Nature  Study  to  the  Nottingham  and  Leicestershire 
Education  Committees  ;  Lecturer  on  Nature  Study  to  the  Midland  Agri- 
cultural and  Dairy  College,  Kingston,  Derby.  Illustrated  with  Coloured 
Plates  and  Photographs  from  Nature.  Second  Edition.  Crown  8vo,  2s. 
This  book  will  serve  as  a  more  advanced  class-book.  It  will  also  be 
useful  to  teachers  as  an  indication  of  the  lines  to  be  followed  in  planning  a 
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systematic  course  of  lessons  in  this  subject.  While  in  no  sense  attempt- 
ing to  exhaust  any  one  branch,  the  book  gives  a  brief  account  of  earth-lore, 
dealing  successively  with  the  history  and  structure  of  the  earth,  and  the 
common  forms  of  plant  and  animal  life  that  inhabit  it.  The  aim  through- 
out is  to  provide  material  to  stimulate  observation  and  independent  thought. 


Biology 


Outlines  of  Biology.  By  P.  CHALMERS  MITCHBLL,  LL.D.,  F.R.S., 
F.Z.S.,  F.L.S.,  Secretary  to  the  Zoological  Society.  Third  Edition, 
Revised  and  Supplemented  by  GEO.  P.  MUDGE,  A.R.C.Sc.(Lond.), 
F.Z.S.,  Lecturer  on  Biology,  London  Hospital  Medical  College,  Univer- 
sity of  London,  and  at  London  School  of  Medicine  for  Women,  University 
of  London.  With  1 1  Plates  and  numerous  Diagrams.  Crown  8vo,  6s.  net. 
The  book  is  primarily  written  to  meet  the  needs  of  students  preparing  for 
the  examinations  of  the  Conjoint  Board  of  the  Royal  Colleges  of  Physicians 
and  Surgeons  of  England.  But  it  covers  to  a  great  extent  the  syllabuses  of 
other  examining  bodies  and  students  reading  for  the  L.L.A.,  for  Durham 
University,  for  the  Conjoint  Colleges  of  Scotland,  and  for  the  first  Medical 
examination  of  London  University  will  find  a  great  deal  of  the  required 
ground  covered  by  its  contents.  The  book  has  been  brought  up  to  date, 
and  the  additional  types  recently  introduced  into  the  syllabus  of  the  Con- 
joint Colleges  are  now  included.  New  Chapters  on  Histology,  on  the 
structure  of  stem,  root,  and  leaf,  and  many  fresh  illustrations  in  half-tone 
have  been  added. 

Agricultural  Zoology.  By  Dr.  J.  RITZEMA  Bos.  Translated  by  J. 
R.  AINSWORTH  DAVIS,  M.A.  With  155  Illustrations,  Third  Edition. 
Crown  8vo,  35.  6d. 

A  condensed  review  of  the  entire  animal  kingdom,  treating  in  some  detail 
the  animals  harmful  or  helpful  to  agriculture.  It  is  a  manual  suitable  not 
only  for  students,  but  also  for  the  practical  farmer  and  general  reader. 

Preliminary  Physiology.  By  WILLIAM  NARRAMORE,  F.L.S., 
M.R.San. Inst. ,  Lecturer  in  Physiology,  Hygiene,  Biology,  and  Botany, 
Municipal  Technical  School,  Liverpool.  Crown  8vo,  33.  6d. 

[  Textbooks  of  Science. 

This  book  aims  at  giving  systematic  instruction  in  relation  to  the 
essential  functions  of  the  human  body.  The  many  original  drawings, 
sketches,  and  photomicrographs  have  been  prepared  directly  from  speci- 
mens. The  book  meets  the  requirements  of  the  Board  of  Education, 
the  Oxford  and  Cambridge  Locals  (Senior),  the  College  of  Preceptors, 
Candidates  for  Matriculation,  and  the  several  examinations  in  Physiology 
held  for  students  in  Hygiene,  Physical  Culture,  Cookery,  for  nurses  in 
Probation,  and  students  preparing  for  examinations  in  Law,  Insurance, 
and  Accountancy,  where  Physiology  is  now  demanded. 

Dairy  Bacteriology.  A  Short  Manual  for  Students  in  Dairy  Schools, 
Cheese-makers,  and  Farmers.  By  Dr.  ED.  VON  FREUDENREICH. 
Translated  by  J.  R.  AINSWORTH  DAVIS,  M.A.  Second  Edition, 
Revised.  Crown  8vo,  2s.  6d. 

A  brief  treatise  on  bacteriology  as  applied  to  dairying.  For  students  who 
mean  to  become  cheese-makers  or  dairymen,  it  is  only  necessary  to  get  a 
general  idea  of  bacteriology  and  to  become  familiarized  with  the  results  so 
far  attained  by  bacteriological  research  as  regards  dairying,  and  the  practical 
application  of  the  same.  The  author  has  therefore  introduced  only  so  much 
of  the  general  part  of  bacteriology  as  is  absolutely  necessary  for  the  com- 
prehension of  the  bacteria  of  milk,  and  has  made  the  whole  as  brief  and 
elementary  as  possible. 

Insect  Life.  By  F.  V.  THEOBALD,  M.A.  Illustrated.  Second  Edition, 
Revised.  Crown  8vo,  2s.  6d. 

A  short  account,  of  the  more  important  characteristics  of  insects,  dealing 
with  their  economic  value  at  the  same  time. 
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Botany 


*  Agricultural  Analysis.  By  D.  H.  GRIST,  Cambridge  Diploma  in 
Agriculture,  Agricultural  Instructor  in  the  Federated  Malay  States. 
With  Illustrations.  Crown  8vo,  2s.  6d. 

A  short  and  concise  statement  of  the  methods  employed  in  the  analysis 
of  soils,  fertilizers,  feeding  stuffs,  dairy  produce,  and  water.  It  is  intended 
as  a  book  of  reference  on  the  laboratory  table,  and  for  this  reason  all 
chemical  explanations  are  avoided.  The  book  should  be  especially  useful 
by  the  inclusion  of  a  section  dealing  with  the  Interpretation  of  results,  and 
can  be  highly  recommended  to  Students  of  Agriculture  and  to  those  con- 
nected with  Agricultural  Chemistry. 

An  Elementary  Textbook  of  Agricultural  Botany.    By  M.  C. 

POTTER,    M.A.,   F.L.S.,    Professor    of   Botany,    Armstrong    College, 
Newcastle-on-Tyne.     Illustrated.     Fourth  Edition.     Crown  8vo,  45.  6d. 
A  textbook  of  Botany  intended  more  especially  for  agricultural  students. 
Considerable  space  is  devoted  to  vegetable  physiology. 

Elementary  Lessons  on  Plant  Life.  By  D.  G.  SCOTT,  M.Sc., 
Assistant  Lecturer  and  Demonstrator  in  Botany  in  the  University  of 
Liverpool.  With  many  Diagrams  and  Illustrations.  Crown  8vo,  2s.  6d. 
Designed  for  use  in  the  Lower  Forms  of  Secondary  Schools,  and  for 
private  study  in  the  Upper  Standards  of  Elementary  Schools,  the  book 
will  be  found  useful  for  the  Oxford  and  Cambridge  Junior  Locals,  the 
National  Froebel  Union  Certificate,  and  other  Examinations.  Suggestions 
for  practical  work  head  each  chapter,  and  special  attention  has  been  paid 
to  the  difficulties  experienced  in  nature-study  in  town  schools. 

Plant  Life.  Studies  in  Garden  and  School.  By  HORACE  F.  JONES, 
Science  Master,  Uxbridge  County  School.  With  320  Illustrations. 
Crown  8vo,  35.  6d.  [Textbooks  of  Science. 

A  handbook  for  teachers  of  botany.  A  large  number  of  experiments  are 
included,  and  full  nature-study  notes  on  all  plants  usually  studied  in  the 
class-rooms  are  given.  It  is  recommended  by  the  Board  of  Education  in 
"Suggestions  on  Rural  Education,"  page  42. 

"This  volume  furnishes  just  the  right  kind  of  course,  both  in  garden  work 
and  in  class-room  experiments,  which  is  likely  to  stimulate  a  permanent 
interest  in  the  mind  of  the  pupil  and  lead  him  to  continue  his  investigations 
after  he  has  left  school.  We  have  great  pleasure  in  recommending  the 
book. " — Schoolmaster. 

Chemistry 

General 

A  Concise  History  of  Chemistry.  By  T.  P.  HILDITCH,  D.Sc. 
(London),  A.I.C.,  F.C.S.  Crown  8vo,  2s.  6d.  [Textbooks  of  Science. 
Primarily  intended  as  a  help  to  chemical  students,  more  particularly 
those  studying  for  University  or  advanced  technical  examinations,  this 
book  will  also,  it  is  hoped,  prove  serviceable  to  general  readers  who  may 
wish  to  have  a  concise  outline  of  the  development  of  chemistry.  Com- 
mencing with  a  general  survey  of  the  chemistry  of  the  Ancients  and  the 
Middle' Ages,  the  author  shows  how  the  modern  science  evolved  from  these, 
and  then  proceeds  to  the  history  of  the  various  branches — elements, 
minerals,  organic,  technical  and  physical  chemistry,  etc.  A  glossary  of 
the  most  notable  names  in  chemistry  is  added,  and,  as  far  as  possible,  the 
sequences  of  facts  or  theories  have  been  summarized  in  tables  which, 
while  assisting  the  memory  of  the  student  preparing  for  examinations,  may 
be  omitted  by  the  casual  reader. 
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Elementary  Chemical  Theory.  By  J.  M.  WADMORE,  M.A.,  Senior 
Science  Master  at  Aldenham  School.  With  Diagrams.  Crown  8vo, 
35.  6d.  \_TextbooksofScience. 

This  book  is  intended  principally  for  the  middle  and  senior  students  of 
Chemistry  at  Public  and  Secondary  Schools.  It  deals,  among  other  things, 
with  the  chief  aspects  of  the  atomic  and  molecular  theories,  and  will  be 
found  most  valuable  in  supplementing  a  course  of  practical  work. 

"We  know  of  no  book  on  elementary  chemical  theory  which  we  could 
more  strongly  recommend."— Journal  of  Education. 

"If  we  were  asked  to  recommend  a  guide  to  the  elements  of  chemical 
theory  suitable  for  students  at  an  early  period  of  their  work,  we  could 
suggest  nothing  better  than  this  book." — Knowledge. 

Higher  Mathematics  for  Chemical  Students.  By  J.  R.  PARTINGTON, 
B.Sc.,  Graduate  Scholar  and  Beyer  Fellow  of  the  University  of  Man- 
chester. With  Forty-four  Diagrams.  Crown  8vo,  53. 

In  this  book  the  principles  of  the  Infinitesimal  Calculus  and  Differential 
Equations  are  developed  from  the  most  elementary  foundations,  and  with 
special  reference  to  chemistry.  Since  the  application  of  mathematics  is  now 
necessary,  not  only  in  physical  chemistry,  but  also  in  organic  and  inorganic 
chemistry  and  metallurgy,  the  book  is  addressed  to  a  wide  circle  of  readers. 


Inorganic 

Preparations  and  Exercises  in  Inorganic  Chemistry.  By  W. 
LOWSON,  B.Sc.,  F.I.C.,  Assistant  Lecturer  and  Demonstrator,  Uni- 
versity of  Leeds.  With  many  Diagrams.  Crown  8vo,  2s.  6d. 

This  book  supplies  sufficient  detail  for  the  preparation  of  a  number  of 
common  and  theoretically  interesting  inorganic  substances,  with  the  aid  of 
apparatus  usually  to  be  found  in  school  and  college  laboratories.  Problems 
are  suggested  in  connexion  with  the  preparations,  and  a  number  of  simple 
quantitative  experiments,  such  as  the  determination  of  equivalents,  are 
introduced. 

Salts  of  one  or  two  of  the  more  common  organic  acids  are  included,  and, 
with  the  object  of  combating  haphazard  methods  of  working,  great  emphasis 
is  laid  throughout  on  quantitative  relationships  and  yields. 

Elementary  Experimental  Chemistry.  By  A.  E.  DUNSTAN,  D.Sc. 
(Lond.),  Head  of  the  Chemical  Department,  East  Ham  Technical 
College.  With  1 09  Diagrams.  Sixth  Edition.  Crown  8vo,  2s. 

[Junior  School  Books. 

The  arrangement  for  this  book  is  modelled  on  that  of  "Elementary 
Experimental  Science."  The  subject  is  treated  experimentally,  and  covers 
the  necessary  ground  for  Oxford  and  Cambridge  Junior  Locals,  College 
of  Preceptors  (Second  Class),  and  Board  of  Education  (First  Stage) 
Examinations.  The  author  believes  that  the  method  adopted  is  truly 
educational.  The  subject  is  developed  in  a  logical  sequence,  and  wherevei 
possible,  historically. 

An  Elementary  Textbook  of  Inorganic  Chemistry.  By  R. 
LLOYD  WHITELEY,  F.I.C.  Second  Edition.  Crown  8vo,  2s.  6d. 

This  book  has  been  written  primarily  for  the  use  of  those  who  are  com- 
mencing the  Study  of  Theoretical  Inorganic  Chemistry  on  the  lines  laid 
down  for  Stage  I.  of  that  subject  in  the  Syllabus  issued  by  the  Board  of 
Education.  The  subject-matter  of  that  Syllabus  has  consequently  been 
fully  discussed. 
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A  Junior  Chemistry.  By  E.  A.  TYLER,  M.A.,  F.C.S.,  Head  of  the 
Chemical  Department,  Swansea  Technical  College.  With  78  Illustra- 
tions. Ninth  Edition.  Crown  8vo,  2s.  6d.  [Junior  School  Books. 
The  first  twenty-three  pages  are  devoted  to  the  necessary  physical  laws 
and  processes.  The  purification  and  properties  of  water  are  used  to  illus- 
trate these  processes.  The  student  is  thus  led  by  a  continuous  chain  oj 
reasoning  through  the  preparation  of  pure  water  to  the  chemistry  of  water, 
and  hence  to  a  knowledge  of  the  fundamental  principles  of  chemistry.  The 
middle  portion  of  the  book  treats  of  these  principles,  and  then  follows 
the  study  of  certain  typical  elements  and  compounds.  Problems  and 
Examination  Papers  are  appended. 

A  Textbook  of  Inorganic  Chemistry.  By  G.  SENTER,  D.Sc., 
Ph.D.,  Lecturer  at  Birkbeck  College,  Author  of  "Outlines  of  Physical 
Chemistry."  With  many  Diagrams.  Third  Edition.  Crown  8vo, 
6s.  6d.  [Textbooks  of  Science. 

The  book  is  designed  as  a  general  introduction  to  the  study  of  Inorganic 
Chemistry.  It  is  written  throughout  from  the  modern  standpoint,  so  that 
the  student  who  has  worked  through  it  should  be  in  a  position  to  profit 
from  the  reading  of  original  papers,  and  to  proceed  without  difficulty  to  the 
study  of  advanced  works  on  the  different  branches  of  the  subject.  The 
theoretical  part  of  the  subject  is  distributed  throughout  the  book,  and  as 
far  as  possible  the  facts  on  which  the  theories  and  hypothesis  are  based  are 
given  before  the  statement  of  the  theories  themselves.  The  great  importance 
to  the  student  of  learning  to  draw  a  clear  distinction  between  facts  and 
theories  is  kept  in  mind  throughout.  The  book  is  suitable  for  the  Inter- 
mediate and  Pass  B.Sc.  University  Examinations  and  other  examinations 
of  similar  scope. 

The  Complete  School  Chemistry.  By  F.  M.  OLDHAM,  M.A.,  Senior 
Chemistry  Master  at  Dulwich  College.  With  125  Illustrations.  Tenth 
Edition.  Crown  8vo,  45.  6d.  [Textbooks  of  Science. 

A  complete  course  in  practical  and  theoretical  chemistry  up  to  the 
standard  of  the  London  Matriculation  and  Army  Entrance  Examination. 
It  is  so  arranged  that  a  boy  with  no  knowledge  of  chemistry  may  begin  the 
book  and  use  it  throughout  his  progress  up  the  school.  Short  courses  on 
volumetric  analysis  and  on  the  common  metals  are  included. 

Practical  Chemistry.  Part  I.  By  W.  FRENCH,  M.A.,  Examiner  in 
Chemistry  for  the  Union  of  Lancashire  and  Cheshire  Institutes.  Sixth 
Edition.  Crown  8vo,  is.  6d.  [Textbooks  of  Science. 

A  course  on  purely  inductive  lines  dealing  with  evaporations  and  distilla 
tions,  filtration  solubility,  air,  water,  chalk,  soda,  common  salt,  sugar,  com- 
pound and  simple  matter,  etc. 

Practical  Chemistry.  Part  II.  By  W.  FRENCH,  M.A.,  and  T.  H. 
BOARDMAN,  M.A.,  Science  Master  at  Christ's  Hospital.  Crown  8vo, 
is.  6d.  [Textbooks  of  Science. 

A  continuation  of  the  above  dealing  with  gases,  laws  of  chemical  com- 
bination, equivalents,  atomic  theory,  molecular  weights,  symbols,  sulphur, 
nitrogen,  carbon,  and  their  compounds,  salts,  acids,  bases,  valency. 

A  Senior  Experimental  Chemistry.  By  A.  E.  DUNSTAN,  D.Sc. 
(Lond.),  and  F.  B.  THOLE,  D.Sc.  With  Diagrams  and  Illustrations. 
Crown  8vo,  53.  [  Textbooks  of  Science. 

This  volume  is  intended  as  a  supplement  to  the  author's  well-known 
textbooks,  "  Elementary  Experimental  Science"  and  "Elementary  Experi- 
mental Chemistry."  It  contains  sufficient  matter  to  provide  for  the  re- 
mainder of  a  boy's  school  career,  and  will  build  up  a  sound  development 
of  modern  chemical  theory  on  the  experimental  foundation  of  his  first  two 
years'  work. 
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The  treatment  is  based  on  the  Periodic  Classification,  preceded  by  a 
discussion  of  the  Atomic  and  Molecular  Theories  with  the  rudiments  of 
Physical  Chemistry,  Thermochemistry,  and  Crystallography.  The  necessary 
Practical  Chemistry  is  incorporated  and  a  section  on  Qualitative  Analysis 
with  the  elements  of  Volumetric  Analysis  completes  the  course.  It  is 
believed  that  this  book  will  be  of  use  to  Second  Year  Students  in  Technical 
Institutes. 

A  Textbook  of  Practical  Chemistry  for  Technical  Institutes. 
By  A.  E.  DUNSTAN,  D.Sc.  ;  and  F.  B.  THOLE,  D.Sc.,  Lecturer  in 
Organic  Chemistry,  East  Ham  Technical  College.  Crown  8vo,  35.  6d. 

[Textbooks  of  Science. 

This  Course  of  Practical  Chemistry  meets  the  requirements  of  the  Upper 
Forms  of  Secondary  Schools,  where  a  good  elementary  foundation  has  been 
laid  in  the  rudiments  of  manipulation.  The  book  will  be  found  useful  also 
for  classes  in  Technical  Institutes  and  will  cover  the  following  ground  : — 

Qualitative  Analysis  of  simple  substances  and  of  mixtures,  Volumetric 
Analysis,  Simple  Gravimetric  Analysis,  Preparation  of  Pure  Compounds, 
More  difficult  Quantitative  Analysis,  Qualitative  Organic  Analysis,  Ultimate 
Organic  Analysis,  General  Organic  Determinations,  Determination  of 
Physical  Constants. 

An  Introduction  to  Quantitative  Analysis.    By  S.  J.  M.  AULD, 

D.Sc.(Lond.),  Ph.D.(Wurzburg),  F.I.C.,  F.C.S.,  Head  of  the  Chemical 

Department,   South-Eastern  Agricultural  College,   Wye.      With  many 

•       Diagrams.     Crown  8vo,  $s.  [Textbooks  of  Science. 

This  book  is  a  carefully  selected  study  of  the  elements  of  quantitative 

analysis,  providing  a  thorough  introductory  course,  whereby  the  student  is 

prepared  for  his  more  specialized  analytical  work,  details  and  considerations 

of  which  are  best  obtained  from  the  standard  treatises  and  monographs. 

Duplication  is  largely  avoided  by  giving  alternative  methods  for  subse- 
quent estimations  of  the  same  type.  Special  features  are  a  theoretical 
chapter  on  indicators,  and  a  description  of  exact  laboratory  methods  for 
the  determination  of  equivalents,  etc. 

The  textbook  contains  all  the  inorganic  quantitative  work  required  for 
the  Board  of  Education  examinations  and  the  Inter,  and  Final  B.Sc.  Courses. 


It  will  be  noted  that  a  complete  and  consistent  school  course  in  Experimental 
Chemistry,  extending  over  five  years,  can  be  covered  from  Messrs.  Methuen's 
list,  as  follows  : — 
First  Year Elementary  Experimental  Science  Chemistry  Section, 

by  A.  E.  Dunstan. 
Second  Year Elementary    Experimental    Chemistry,    by    A.    E. 

Dunstan. 

Third  and  Fourth  Years  .     A  Senior  Experimental  Chemistry,  by  A.  E.  Dunstan. 
Fifth  Year A  Practical  Chemistry  for  Technical  Institutes,  by  A. 

E.  Dunstan  and  F.  B.  Thole  ;  and 
A   First  Year    Course   of    Organic  Chemistry,    by 

A.  E.  Dunstan. 

Organic 

A  First  Year  Course  of  Organic  Chemistry.    By  A.  E.  DUNSTAN, 
D.Sc.     With  2  Plates  and  many  Diagrams.     Crown  8vo,  2s.  6d. 

[  Textbooks  of  Science. 

This  book,  which  has  not  been  prepared  to  meet  the  requirements  of  any 
particular  examining  body,  is  intended  for  the  use  of  the  higher  forms  of 
schools  taking  the  Special  Science  Course,  and  as  a  first-year  textbook 
in  Technical  Institutes.  The  author  does  not  follow  the  conventional 
separation  of  Organic  Chemistry  into  the  two  ipso  facto  inseparable  domains 
of  Aliphatic  and  Aromatic  compounds,  but  endeavours  to  give  a  bird's-eye 
view  of  the  more  prominent  features  in  the  Science. 
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A  Second  Year  Course  of  Organic  Chemistry.  By  F.  B.  THOLE, 
D.Sc.  With  Plates  and  Diagrams.  Crown  8vo,  2s.  6d. 

{Textbooks  of  Science. 

This  book  forms  Vol.  II.  of  a  series  designed  to  meet  the  requirements  of 
students  in  technical  institutes.  It  deals  with  that  portion  of  the  subject 
necessary  for  the  second  year  student,  and  covers  the  syllabus  for  Stage  II. 
of  the  examination  held  by  the  Board  of  Education.  It  is  hoped,  however, 
that  it  will  be  found  useful  for  those  students  taking  the  first  year  of  their 
B.Sc.  Course. 

The  book  contains  an  account  of  the  properties  of  the  carbo-cyclic 
compounds,  their  general  synthesis,  and  their  utilisation  for  industrial  and 
scientific  purposes.  Questions  of  constitution  and  the  chief  reactions 
associated  with  this  class  of  compound  are  fully  discussed  and  carefully 
explained. 

A  Third  Year  Course  of  Organic  Chemistry.  By  T.  P.  HILDITCH, 
D.Sc.(Lond.),  F.I.C.,  Author  of  "A  Concise  History  of  Chemistry." 
With  Plates  and  Diagrams.  Crown  8vo,  6s.  [Textbooks  of  Science. 

This  book  completes  the  course  of  organic  chemistry  whose  earlier  stages 
have  been  dealt  with  by  Dr  Dunstan  (Part  I.)  and  Mr.  Thole  (Part  II.). 
It  is  occupied  for  the  most  part  with  the  systematic  study  of  the  different 
groups  of  heterocyclic  compounds,  especially  those  of  practical  or  com- 
mercial value.  The  alkaloids,  purines,  and  other  cyclic  urea  derivatives, 
and  numerous  important  dyestuffs  fall  within  the  scope  of  these  chapters. 
The  remainder  of  the  book  deals  with  the  polypeptides,  the  terpenes,  and 
some  general  problems  such  as  the  characteristics  of  residual  affinity.  The 
work  is  suited  to  the  needs  of  honours  students  in  this  subject,  either  for  the 
B.Sc.  or  the  Board  of  Education  examinations. 

Qualitative  Organic  Analysis.  By  F.  B.  THOLE,  D.Sc.  With  an 
Introduction  by  A.  E.  DUNSTAN,  D.Sc.  Crown  8vo,  is.  6d. 

{Textbooks  of  Science. 

This  book  is  reprinted,  with  additions,  from  the  authors'  "  Practical 
Chemistry  for  Technical  Institutes"  in  such  a  form  as  to  be  self-contained. 
It  deals  with  Organic  Qualitative  Analysis,  both  of  simple  compounds  and 
mixtures.  A  large  range  of  organic  derivatives  is  dealt  with,  and  the  author 
confidently  believes  that  the  scheme  will  carry  a  student  through  the  Organic 
Section  of  his  Honours  Degree  Course. 

A  complete  list  of  melting  and  boiling  points  is  given,  the  substances 
being  classified  into  their  groups.  Throughout  conciseness  and  compact- 
ness have  been  aimed  at,  so  that  the  student  will  have  the  information 
needed  always  at  hand  in  an  accessible  form. 

Modern  Research  in  Organic  Chemistry.  By  F.  G.  POPE,  B.Sc 
(Lond.),  F.C.S.  With  261  Diagrams.  Crown  8vo,  ;s.  6d. 

{Textbooks  of  Science. 

This  volume  is  an  attempt  to  bring,  in  a  concise  form,  the  development 
of  some  of  the  more  important  branches  of  organic  chemistry  before  the 
chemical  student.  The  results  of  the  most  recent  research  work  are 
embodied  in  the  text,  and  a  bibliography  is  given  at  the  end  of  each 
chapter,  so  that  the  student  may  be  able  to  make  use  of  current  literature. 

Physical 

Practical  Physical  Chemistry.  ByJ.  B.  FIRTH,  M.Sc.,  late  Dalton 
Chemical  Scholar,  Manchester  University;  Assistant  Lecturer  and 
Demonstrator  in  Chemistry,  Armstrong  College,  Newcastle-on-Tyne. 
Crown  8vo,  2s.  6d. 

The  above  book  has  been  written  not  only  to  familiarize  the  student  with 
the  practical  methods  of  the  science,  but  also  to  enable  him  to  demonstrate 
for  himself  many  of  the  points  of  which  hitherto  he  has  had  only  theoretical 
knowledge.  Typical  experiments  are  described  with  all  necessary  practical 
details  for  carrying  them  out. 
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A  First  Year  Physical  Chemistry.  By  T.  P.  HILDITCH,  D.Sc. 
(Lond.),  F.I.C.  Crown  8vo,  2s.  [Textbooks  of  Science, 

An  attempt  to  render  this  branch  of  chemistry  more  easy  to  those 
commencing  its)  study.  The  more  elementary  outlines  of  the  subject  are 
treated,  as  far  as  possible,  from  the  standpoint  of  practical  use  in  solving 
chemical  problems  ;  accordingly,  the  first  part  of  the  book  is  devoted  tc 
characteristic  properties  such  as  density  or  refractivity.  Later  chapters 
include  introductions  to  the  physico-chemical  theories  of  gases  and  of 
solutions  and  the  more  important  applications  of  these  theories  to  pure 
chemistry.  The  book  should  prove  useful  to  Inter.  B.Sc.  and  Final  (Pass) 
B.Sc.  candidates,  as  well  as  those  taking  Board  of  Education  examinations. 

Outlines  of  Physical  Chemistry.  By  GEORGE  SENTER,  D.Sc., 
Ph.D.,  Lecturer  in  Chemistry  at  Birkbeck  College.  With  many 
Diagrams.  Fifth  Edition,  Revised.  55.  [  Textbooks  of  Science. 

This  book  is  designed  to  serve  as  a  general  introduction  to  Physical 
Chemistry,  and  is  specially  adapted  to  the  needs  of  electrical  engineers,  to 
whom  an  acquaintance  with  the  general  principles  of  this  subject  is  becoming 
of  increasing  importance.  Particular  attention  is  devoted  to  the  theory  of 
solutions  and  to  the  modern  developments  of  electro  -  chemistry.  Only 
an  elementary  knowledge  of  mathematics  is  assumed. 

Physico-Chemical  Calculations.  By  JOSEPH  KNOX,  D.Sc.,  Lecturer 
on  Inorganic  Chemistry,  Aberdeen  University.  Crown  8vo,  2s.  6d. 

[  Textbooks  of  Science. 

This  book  is  intended  for  students  of  physical  chemistry,  as  a  supplement 
to  the  theoretical  matter  of  lectures  and  textbooks.  Here  the  theory  is 
applied  to  the  solution  of  practical  problems.  The  book  contains  eleven 
chapters,  dealing  with  the  main  subdivisions  of  physical  chemistry.  Each 
chapter  consists  of  a  short  introduction  dealing  with  the  theory  required  for 
the  solution  of  the  problems,  a  series  of  typical  problems  with  complete 
solutions,  and  a  list  of  problems  for  solution  with  answers.  Practically 
all  the  problems  have  been  taken  from  the  original  literature  of  the  subject, 
and  by  a  careful  study  of  the  solved  problems  the  student  should  learn  much. 
The  large  collection  of  problems  for  solution  should  prove  useful  to  teachers. 


General  Science 


Elementary  Experimental  Science.  Physics  by  W.  T.  CLOUGH, 
A.R.C.S.,  Head  of  the  Physics  and  Electrical  Engineering  Department, 
East  Ham  Technical  College  ;  Chemistry  by  A.  E.  DUNSTAN,  D.Sc. 
With  2  Plates  and  154  Diagrams.  Fifteenth  Edition.  Crown  8vo, 
2s.  6d.  [Junior  School  Books. 

This  book  is  primarily  intended  for  the  use  of  candidates  taking  Experi- 
mental Science  in  the  Junior  Local  Examinations.  It  will  also  be  found  of 
use  to  those  competing  for  County  Council  Intermediate  Scholarships,  and 
as  a  general  textbook  in  Science  Schools.  The  great  majority  of  the 
Diagrams  have  been  specially  drawn. 

Practical  Science  for  Engineering-  Students.  By  H.  STANLEY, 
B.Sc.,  London  and  Bristol ;  F.I.C.  Lecturer  in  the  Merchant  Venturers' 
Technical  College,  Bristol.  Crown  8vo,  35. 

This  book  is  intended  for  Technical  School  "Course"  students  in  the 
earlier  part  of  their  training,  and  for  use  in  Trade  Schools.  It  contains  a 
series  of  experiments  in  Heat,  Mechanics,  and  in  Magnetism  and  Electricity, 
together  with  some  general  experiments  embodying  important  principles. 
Theoretical  notes  are  appended  where  opportune,  and  there  is  a  set  of 
examples  at  the  end  of  each  section. 
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Preliminary  Practical  Science.  By  H.  STANLEY,  B.Sc.  Crown 
8vo,  is.  6d. 

This  little  handbook  is  intended  for  use  in  the  lower  forms  in  trade  schools 
and  for  technology'students  in  all  branches  who  are  entering  on  a  course  of 
science  study  with  a  view  to  a  better  understanding  of  their  work. 

Elementary  Science  for  Pupil  Teachers.  Physics  Section  by 
W.  T.  CLOUGH  ;  Chemistry  Section  by  A.  E.  DUNSTAN.  With 
many  Illustrations.  Crown  8vo,  2s.  [  Textbooks  of  Science. 

A  textbook  to  meet  the  new  requirements  of  the  Elementary  Science  section 
of  the  Preliminary  Examination  for  the  Certificate  on  the  same  lines  as 
"  Elementary  Experimental  Science." 

•General  Elementary  Science.  By  J.  T.  DUNN,  D.Sc.,  and  V.  A. 
MUNDELLA,  Principal  of  Sunderland  Technical  College.  With  114 
Illustrations.  Second  Edition,  Revised.  Crown  8vo,  33.  6d. 

An  intermediate  course  in  Physics  and  Chemistry  for  London  Matricula- 
tion. It  is  the  textbook  adopted  by  the  Admiralty  for  Elementary  Science 
at  Greenwich  College. 

The  World  of  Science.  By  R.  ELLIOT  STEEL,  M.A.,  F.C.S.,  Science 
Master  at  Sherborne  School.  With  147  Illustrations.  Second  Edition. 
Crown  8vo,  2s.  6d. 

An  elementary  account  of  Chemistry,  Heat,  Light,  Sound,  Magnetism, 
Electricity,  Botany,  Zoology,  Physiology,  Astronomy,  and  Geology  written 
in  an  interesting  manner  for  children. 


Geology 


The  Scientific  Study  of  Scenery.  By  J.  E.  MARK,  F.R.S.,  Fellow  of 
St.  John's  College,  Cambridge.  Fourth  Edition,  Revised.  Illustrated. 
Crown  8vo,  6s. 

An  elementary  treatise  on  geomorphology  for  geographers.    As  far  as 
possible  technical  terms  have  been  avoided. 

Agricultural  Geology.  By  J.  E.  MARK,  F.R.S.   Illustrated.  Cr.  8vo,  6s. 
A  textbook  of  geology  for  agricultural  students,  more  especially  such  as 
are  preparing  for  the  International  Diploma  in  agriculture. 


Physics 


Practical  Applied  Physics.     By  H.   STANLEY,  B.Sc.    With  many 
Diagrams.     Crown  8vo,  33. 

This  book  is  for  the  use  of  engineering  students  and  others  who  are 
doing  laboratory  work  beyond  the  elementary  stages,  particularly  in  heat, 
mechanics,  and  electricity.  The  earlier  section  deals  with  some  graphical 
methods  leading  up  to  the  calculus  and  the  solution  of  some  differential 
equations  which  are  employed  later. 

First  Year  Physics.     By  C.  E.  JACKSON,  M.A.    With  51  Illustrations. 
Third  Edition.     Crown  8vo,  is.  6d.  [Textbooks  of  Science. 

This  book  deals  with  such  subjects  as  may  reasonably  be  included  in  a 
first  year  course  of  Physics  for  Secondary  Schools, — the  processes  of  measure- 
ment and  the  elementary  principles  of  Hydrostatics  and  Mechanics. 

Examples  in  Physics.      By  C.  E.  JACKSON,   M.A.     Third  Edition. 
Crown  8vo,  2s.  6d.  [Textbooks  of  Science. 

A  collection  of  over  one  thousand  original  problems  on  Mensuration, 
Hydrostatics,  Mechanics,  Heat,  Light,  Magnetism,  Frictional  Electricity, 
Current  Electricity  and  Sound,  covering  the  average  Physics  course  in 
Secondary  Schools. 
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The  Principles  of  Magnetism  and  Electricity.  By  P.  L.  GRAY, 
B.Sc.  An  Elementary  Textbook.  With  181  Diagrams.  Crown  8vo, 
35.  6d. 

Although  not  written  to  any  special  syllabus,  the  book  will  approximately 
cover  the  requirements  of  the  Advanced  Stage  of  the  Board  of  Education 
Examination,  and  London  B.Sc.  Pass  Examination.  It  is  well  illustrated 
with  sketches  such  as  a  student  may,  with  a  little  practice,  draw  for  himself 
from  the  actual  apparatus. 

Examples  in  Elementary  Mechanics,  Practical,  Graphical,  and 
Theoretical.  By  W.  J.  DOBBS,  M.A.  With  52  Diagrams.  Crown 
8vo,  55.  {Textbooks  of  Science. 

This  book  is  intended  for  use  at  Schools  and  Technical  Institutes,  for 
Army  and  Navy  Candidates  and  Students  of  Engineering.  It  consists  of 
some  1400  examples  in  Elementary  Statics  and  Kinetics  exhibiting  the  latest 
development  in  the  methods  of  teaching  these  subjects.  But  it  is  something 
more  than  a  mere  collection  of  examples,  being  designed  for  use  without  an 
accompanying  textbook.  The  preparation  and  use  of  simple  inexpensive 
apparatus  is  described,  and  the  numerous  practical  examples  requiring  the 
use  of  such  apparatus  have  been  found  to  give  satisfactory  results. 

Weighing  and  Measuring.  A  Short  Course  of  Practical  Exercises  in 
Elementary  Mathematics  and  Physics,  by  W.  J.  DOBBS,  M.A.,  Assistant 
Master  at  Camden  Secondary  School,  N.  With  47  Diagrams.  Crown 
8vo,  2s. 

Contents.  I.  Measurement  of  Length  ;  II.  Weighing  ;  III.  Measure- 
ment of  Area;  IV.  Measurement  of  Volume;  V.  Density  and  Specific  Gravity. 

This  volume  covers  that  common  ground  between  Elementary  Mathema- 
tics and  Physics  which  is  necessary  to  give  reality  to  the  former,  and  which 
is  indispensable  before  taking  up  any  serious  study  of  the  latter.  By  common 
consent,  a  course  of  Weighing  and  Measuring  is  now  an  essential  part  of 
school  training  in  Elementary  Mathematics.  Care  has  been  taken  to  keep 
the  scope  of  the  book  well  within  the  reach  of  the  great  majority  of  senior 
school  children  of  both  sexes. 

Practical  Mechanics.  By  SIDNEY  H.  WELLS,  Wh.Sc.,  A.M.Inst.C.E., 
late  Principal  of  the  Battersea  Polytechnic,  London.  An  Elementary 
Manual  for  the  use  of  Students  in  Science  and  Technical  Schools  and 
Classes.  With  75  Illustrations  and  Diagrams.  Sixth  Edition.  Crown 
8vo,  35.  6d.  [Textbooks  of  Science. 

A  laboratory  handbook  containing  all  the  mechanics  part  of  the  ele- 
mentary science  syllabus  of  the  Headmasters'  Association  and  the  London 
Matriculation. 

A  Handbook  of  Physics.    By  W.  H.  WHITE,  M.A.,  B.Sc.,  A.R.C.Sc., 

Lecturer  at  the  East  London  College  and  St.  Mary's  Hospital  Medical 
School,  Examiner  in  the  University  of  London,  etc.  With  over  300 
Diagrams.  Crown  8vo,  7s.  6d.  [Textbooks  of  Science. 

The  book  traces  the  establishment  of  the  Principles  of  Physics  and  draws 
from  modern  everyday  life  abundant  instances  of  their  application,  instead 
of  giving  detailed  descriptions  of  time-honoured  experiments.  It  amply 
covers  the  ground  of  the  "Intermediate"  examinations  of  London  and 
other  British  Universities. 

Physics  Examination  Papers.  By  R.  ELLIOT  STEEL,  M.A.,  Science 
Master  at  Sherborne  School.  Crown  Svo,  2s.  6d. 

[School  Examination  Series. 

Papers  on  Sound,  Light,  Heat,  Magnetism,  and  Electricity.  Both  book- 
work  and  problems  are  included. 
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TECHNOLOGY 

(See  also  under  "Domestic  Science"} 

The  Elements  of  Engineering  Drawing.  By  E.  ROWARTH, 
A.M.I.E.E.  With  numerous  Diagrams.  Crown  8vo,  35.  net. 

This  is  a  textbook  specially  arranged  for  Day  and  Evening  Students  in 
Junior  Technical  Institutes,  and  for  Engineering  Students  in  Secondary 
Schools  and  Colleges.  Thoroughness  of  treatment  of  the  preliminary 
work  is  the  keynote  of  the  volume  which  has  been  drawn  up  on  new  and 
original  lines.  Considerable  space  is  devoted  in  the  earlier  chapters  to 
exercises  having  as  their  object  the  rapid  development  of  the  student  in  the 
skilful  manipulation  of  instruments,  squares,  and  scales.  These  are 
followed  by  a  series  of  graduated  exercises  specially  chosen  with  a  view 
to  the  practical  requirements  of  a  draughtsman. 

The  instructions  for  the  earlier  examples  are  very  comprehensive,  and 
should  enable  the  student  to  work  independently  of  the  teacher,  and  at  the 
same  time  acquire  the  knowledge  of  technical  details  which  is  necessary  for 
the  more  advanced  exercises  which  follow. 

A  Textbook  of  Elementary  Building  Construction.  By  ARTHUR 
R.  SAGE,  Lecturer  in  Building  Construction  and  Mechanics  of  Building, 
L.C.C.  School  of  Building,  and  WILLIAM  E.  FRETWELL,  Lecturer  in 
Plumbers'  Work,  Sanitary  Engineering  and  Heating  and  Ventilating, 
L.C.C.  School  of  Building.  With  many  Diagrams.  Crown  8vo, 
35.  6d.  net. 

This  book  is  intended  for  students  of  Elementary  Building  Construction 
as  a  first  year's  course,  leading  up  to  the  Lower  Examination  of  the  Board 
of  Education.  It  should  also  be  useful  to  students  preparing  for  the  various 
professional  examinations,  of  which  building  construction  and  sanitary 
engineering  form  part. 

A  Woodwork  Class-Book.  Beginner's  Course.  By  H.  HEY,  Inspector 
of  Day  Manual  and  of  Technological  Classes,  Surrey  Education 
Committee,  and  G.  H.  ROSE,  Head  Master,  Coulsdon  Council  School, 
City  and  Guilds  Woodwork  Teacher.  With  full  Diagrams  and  Photo- 
graphs. 4to,  2s. 

In  this  class-book  the  work  is  arranged  on  a  threefold  plan  of  Correlated 
Lessons  in  Drawing,  Tools  and  Materials,  and  School  Workshop  Practice. 

Manual  Training  Drawing  (Woodwork).  Its  Principles  and  Ap- 
plication, with  Solutions  to  Examination  Questions,  1892-1905,  Ortho- 
graphic, Isometric,  and  Oblique  Projection.  By  F.  STURCH,  Stafl 
Instructor  to  the  Surrey  County  Council.  With  50  Plates  and  140 
Figures.  Fcap.,  53.  net. 

Carpentry  and  Joinery.  By  F.  C.  WEBBER,  Chief  Lecturer  to  the 
Building  Trades  Department  of  the  Merchant  Venturers'  Technical 
College  at  Bristol.  With  176  Illustrations.  Sixth  Edition.  Crown 
8vo,  35.  6d.  [  Textbooks  of  Technology. 

An  elementary  textbook  suitable  for  the  Preliminary  Grade  of  the  City  and 
Guilds  of  London  Institute  and  as  a  book  of  reference  for  the  apprentice. 

Builders'  Quantities.  By  H.  C.  GRUBB,  Lecturer  at  Beckenham 
Technical  Institute.  With  numerous  Diagrams.  Second  Edition, 
Revised.  Crown  8vo,  43.  6d.  [Textbooks  of  Technology. 

This  treatise  has  been  compiled  to  assist  students  who  are  preparing  for 
the  examination  in  Builders'  Quantities,  held  by  the  City  and  Guilds  of 
London  Institute. 

Engineering  Workshop  Practice.  By  CHARLES  C.  ALLEN,  Head 
of  the  Department  of  Engineering,  Technical  Institute,  Auckland. 
With  152  Illustrations.  Third  Edition.  Crov,n  8vo,  35.  6d. 

[  Textbooks  of  Technology. 

This  deals  with  the  manufacturing  operations  employed  in  modern  work- 
shops, and  is  intended  chiefly  for  students  who  have  opportunities  of  both 
examining  and  using  the  machines  and  tools  required. 
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Re"pouss6  Metal  Work.  By  A.  C.  HORTH.  With  Diagrams  and  8 
Plates.  Crown  8vo,  2s.  6d.  [Textbooks  of  Technology. 

This  book  provides  students  with  a  graded  scheme  of  Sheet  Metal  Work 
for  Schools,  containing  all  the  information  necessary  to  those  wishing  to 
become  expert. 

Electric  Light  and  Power.  By  E.  E.  BROOKS,  B.Sc.(Lond.),  Head 
of  the  Department  of  Physics  and  Electrical  Engineering,  Leicester 
Municipal  Technical  School,  and  W.  H.  N.  JAMES,  A.R.C.S., 
A.M.I.E.E.,  Lecturer  in  Electrical  Engineering,  Municipal  School 
of  Technology,  Manchester.  With  17  Plates  and  230  Illustrations. 
Fourth  Edition.  Crown  8vo,  43.  6d.  [Textbooks  of  Technology. 

This  work  is  an  introduction  to  the  study  of  Electrical  Engineering,  no 
previous  knowledge  being  assumed,  and  very.little  mathematics  being  required. 
It  is  intended  mainly  for  students  employed  in  electrical  industries. 

An  Introduction  to  the  Study  of  Textile  Design.  By  ALDRED 
F.  BARKER,  Head  of  the  Textile  Department,  Bradford  Technical 
College.  With  numerous  Illustrations  and  Diagrams.  Second  Edition. 
Demy  8vo,  75.  6d.  [Textbooks  of  Technology. 

This  work  includes  within  its  pages  the  information  which  the  student  of 
Textile  Design  should  seek  to  thoroughly  master  during  the  first  two  years 
he  attends  the  Textile  School. 

A  Textbook  dealing  with  Ornamental  Design  for  Woven 
Fabrics.  By  C.  STEPHENSON,  of  the  Bradford  Technical  College,  and  F. 
SUDDARDS,  of  the  Yorkshire  College,  Leeds.  With  66  Full-page  Plates 
and  numerous  Diagrams  in  the  Text.  Third  Edition.  Demy  8vo,  75.  6d. 
The  subject-matter  is  arranged  as  far  as  possible  in  progressive  order, 
and  always  with  due  regard  to  the  practical  application  of  ornament  to  the 
weaving  process.  Several  chapters  are  devoted  to  the  various  methods  of 
building  up  all-over  repeating  patterns. 

Gas  Testing  and  Air  Measurement :  A  Manual  for  Deputies, 
Miners,  etc.  By  CHARLES  CHANDLEY,  M.Inst.M.E.  (of  Nottingham). 
Second  Edition.  Fcap.  8vo,  is.  6d. 

This  book  gives  in  concise  form  the  requirements  of  the  Coal  Mines  Act, 
1911,  and  of  the  Home  Office  in  respect  of  what  is  commonly  known  as  the 
"Fireman's"  or  "Deputy's"  Certificate. 

Gearing :  A  Practical  Treatise.  By  A.  E.  INGHAM.  With  many  Dia- 
grams, Illustrations,  Formulae,  and  Useful  Tables.  Demy  8vo,  55.  net. 
The  author  has  devoted  separate  chapters  to  spur,  bevel,  worm,  spiral, 
and  helical  gears,  and  the  information  given  in  each  section  will  be  invalu- 
able to  all  who  are  interested  in  this  important  branch  of  engineering.  The 
Appendix  contains  useful  information,  together  with  a  complete  set  of  tables 
of  tangents  and  cotangents,  sines  and  cosines,  which  are  given  in  minutes, 
and  to  five  places  in  decimals. 

MESSRS.   METHUEN'S  SERIES 

Particulars  of  the  following  Books  will  be  found  in  the  First  Section  of  this 
Catalogue,  under  the  Subjects.  Further  Series  will  be  found  under  the  Subjects, 
namely,  Simplified  French  Texts,  p.  12 ;  Advanced  French  Texts,  p.  13;  New 
Geographical  Series,  p.  14;  Simplified  German  Texts,  p.  16 ;  School  County 
Histories,  p.  21;  Six  Ages  of  European  History,  p.  24;  Simplified  Latin  Texts, 
P.  29  ;  Methuen's  Nature  Books,  p.  32. 

The  Beginner's  Books 

EDITED  BY  CANON  W.  WILLIAMSON,  B.A.,  F.R.S.L. 

A  series  of  elementary  class  books  for  beginners  of  seven  to  twelve  years,  or  there- 
abouts. They  are  adapted  to  the  needs  of  preparatory  schools,  and  are  suitable  for 
the  use  of  candidates  preparing  for  the  Oxford  and  Cambridge  Preliminary  Local  and 
the  College  of  Preceptors'  Examinations.  The  series  will  be  especially  useful  to  lead 
up  to  Methuen's  junior  School  Books.  The  author  of  each  book  has  had  consider- 
able experience  in  teaching  the  subject,  while  special  attention  has  been  paid  to  the 
arrangement  of  the  type  and  matter,  which  is  as  clear  and  concise  as  possible.  The 
Looks  are  beautifully  printed  and  strongly  bound. 
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The  Beginner's  Books — continued 

Easy      French       Rhymes.         H. 

BLOUET.     is. 

Easy  Stories  from  English  His- 
tory. E.  M.  WILMOT-BUXTON.  IS. 

Stories    •From    Roman    History. 

E.  M.  WILMOT-BUXTON.     is.  6d. 

Stories  -From  the  Old  Testa- 
ment. E.  M.  WILMOT-BUXTON. 
is.  6d. 

Stories  from  the  New  Testa- 
ment. E.  M.  WILMOT-BUXTON.  is.6d. 


A  First  Course   in    English.    W. 

S.  BEARD,     is.  6d 
A  First  History  of  Greece.    E.  E. 

FIRTH,     is.  6d. 
Easy    Exercises    in    Arithmetic. 

W.  S.   BEARD.     Without  Answers,   is.; 

With  Answers,  is.  sd. 
Easy  Dictation  and  Spelling. 

W.  WILLIAMSON,  is. 
An  Easy  Poetry  Book.  W. 

WILLIAMSON,    is. 


Classical  Translations 


EDITED  BY  H.  F.  FOX,  M.A.,  FELLOW  AND  TUTOR  OF  BRASENOSE  COLLEGE,  OXFORD 
Crown  8vo 

A  series  of  Translations  from  the  Greek  and  Latin  Classics,  distinguished  by  literary 
excellence  as  well  as  by  scholarly  accuracy. 


/Esc hy  I  us  —  AGAMEMNON,     CHOE- 

PHOROE,  EUMENIDES.  Translated  by  L. 
CAMPBELL.  55. 

Cicero  —  DE  ORATORE  I.  Trans- 
lated by  E.  N.  P.  MOOR.  33.  6d. 

Cicero— SELECT  ORATIONS.  Trans- 
lated by  H.  E.  D.  BLAKISTON.  55. 

Cicero  —  DE     NATURA     DEORUM. 

Translated  by  F.  BROOKS.     35.  6d. 
Cicero  —  DE    OFFICIIS.    Translated 
by  G.  £.  GARDINER,    as.  6d. 


Horace  —  THE  ODES  AND  EPODES. 
Translated  by  A.  D.  GODLEY.  as. 

Lucian— Six  DIALOGUES.  Trans- 
lated by  S.  T.  IRWIN.  35.  6d. 

Sophocles  —  AJAX  AND  ELECTRA. 
Translated  by  E.  D.  MORSHEAD.  25.  6d. 

Tacitus  —  AGRICOLA  and  GER- 
MANIA.  Translated  by  R.  B.  TOWNSHEND. 
2s.  6d. 

Thirteen  Satires  of  Juvenal. 
Translated  by  S.  G.  OWEN.  as.  6d. 


Commercial  Series 

EDITED  BY  H.  DE  B.  GIBBINS,  LITT.D.,  M.A. 
Crown  STO 

A  series  intended  to  assist  students  and  young  men  preparing  for  a  commercial 
career,  by  supplying  useful  handbooks  of  a  clear  and  practical  character,  dealing  with 
those  subjects  which  are  absolutely  essential  in  the  business  life. 


The  Principles  of  Book-keeping 
by  Double  Entry.  J.  £.  B. 

M  'ALLEN.     23. 

French  Commercial  Correspon- 
dence. S.  E.  BALLY,  as. 

German  Commercial  Corre- 
spondence. S.  E.  BALLY,  as.  6d. 

A  German  Commercial  Reader. 
S.  E.  BALLY,  as. 

A  Commercial  Geography  of 
Foreign  Nations.  F.  C.  BOON.  as. 

Commercial      Law.       W.      D. 

EDWARDS,     as. 

British  Commerce  and  Colonies 
from  Elizabeth  to  Victoria. 

H.  DE  B.  GlBBJNS.      2S. 


The  Economics  of  Commerce. 

H.  DE  B.  GIBBINS.     is.  6d. 

Commercial  Examination 
Papers.  H.  DE  B.  GIBBINS.  is.  6d. 

A  Primer  of  Business.  S.  JACK- 
SON. New  and  Revised  Edition,  is.  6d. 

An  Entrance  Guide  to  Profes- 
sions and  Business.  H.  JONES. 
is.  6d. 

A  Commercial  Geography  of 
the  British  Empire.  L.  W. 
LYDE.  as. 

A  Short  Commercial  Arithmetic. 

F.  G.  TAYLOR,     is.  6d. 
Precis  Writing  and  Office  Cor- 
respondence.    E.    E.   WHITFIELD. 
as. 
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Junior  Examination  Series 

EDITED  BY  A.  M.  M.  STEDMAN,  M.A. 

Fcap.  8vo,  is. 

This  series  is  intended  to  lead  up  to  the  School  Examination  Series,  and  is  for  the  usa 
of  teachers  and  pupils  in  Lower  and  Middle  Forms,  to  supply  material  for  the  former  and 
practice  for  the  latter.     The  papers  are  carefully  graduated,  cover  the  whole  of  th<r 
usually  taught,  and  are  intended  to  form  part  of  the  ordinary  class  work.     They  in;iy  be 
used  vfvd  voce  or  as  a  written  examination. 


Junior  Scripture  Examination 
Papers:  Old  Testament.  S.  A. 
P.  KKRMODE  and  W.  WILLIAMSON. 

Junior  Scripture  Examination 
Papers ;  New  Testament.  A. 
G.  WALPOLE-SAVER  and  W.  WILLIAM- 
SON. 

Junior  French  Examination 
Papers.  F.  JACOB. 

Junior  English  Examination 
Papers.  W.  WILLIAMSON. 

Junior  Arithmetic  Examination 
Papers.  W.  S.  BEARD. 

Junior  Algebra  Examination 
Papers.  S.  W.  FINN. 


Junior       Greek        Examination 
Papers.     T.  C.  WEATUKKHKAI.. 

Junior        Latin        Examination 
Papers.    C.  G.  ROTTING. 
A  Key  to  the  above.     35.  6d.  net. 

Junior      General      Information 
Examination     Papers.      W.    S. 
BEARD. 
A  Key  to  the  above.     35.  6d.  net. 

Junior      Geography      Examina- 
tion Papers.    W.  G.  BAKER. 

Junior     German     Examination 
Papers.    A.  VOEGELIN. 

Junior      History      Examination 
Papers.     W.  O.  P.  DAVIES. 


Junior  School  Books 

EDITED  BY  O.  D.  INSKIP,  LL.D.,  AND  CANON  W.  WILLIAMSON,  B.A. 

A  series  of  school  class  books.  They  are  adapted  to  the  needs  of  the  Lower  and  Middle 
Forms  of  the  Public  Schools,  and  are  suitable  for  the  use  of  candidates  preparing  for  the 
Oxford  and  Cambridge  Junior  Local  Examinations. 


A      Class-Book       of      Dictation 

Passages.    W.  WILLIAMSON,    is.  6d. 

The  First  Book  of  Kings.     A.  £. 

RUBIE.      2S. 

The    Gospel    according    to    St. 

Matthew.    Edited  by  E.  W.  SOUTH. 

is.  6d. 
The    Gospel    according    to    St. 

Mark.    Edited  by  A.  E.  RUBIE.    is.  6d. 
The  Gospel    according    to     St. 

Luke.    Edited  by  W.  WILLIAMSON,    as. 
The  Acts  of  the  Apostles.    Edited 

by  A.  E.  RUBIE.     as. 
A     Junior     English     Grammar. 

W.  WILLIAMSON,     as. 
A  Junior  Greek  History.     W.  H. 

SPRAGGE.    2$.  6d. 
A    Junior  Latin    Prose.      H.    N. 

ASMAN.      2S.  6d. 


A    Junior     German     Grammar. 

H.  C.  A.  SECKLER.     as.  6d. 
Elementary         Experimental 
Science.      Physics      by     W.     T. 
CLOUGH  ;      Chemistry      by     A.     E. 

DUNSTAN.      2S.  6d. 

Elementary         Experimental 

Chemistry.    A.  E.  DUNSTAN.     as. 
A      Junior     Chemistry.       E.      A. 

TYLER,     as.  6d. 
A      Junior     French      Grammar. 

L.  A.  SORNET  and  M.  J.  ACATOS.     as. 
A     Junior      French     Prose.      R. 

R.  N.  BARON,    as. 
A    Junior    Geometry.      N.   S. 

LYDON.     as. 
A  School  Latin  Grammar.    H.  G. 

FOKD.     as.  6d. 
English  Literature  for  Schools. 

E.  E.  FIRTH,    as.  6d. 


Methuen's  Historical  Readers 

Illustrated.     Crown  8vo. 
This  is  a  new  series  of  History  Readers  on  concentric  lines 

The     Pageant    of    British     History.       By    E.    M.    WiLMOT-BuxTON, 

F.R.Hist.S.     is.  6d. 
The  Romance  of  British  History;   or,  Britain's  Rise  from  Savagery  to 

Civilization.     By  JOSIAH  TURNER,     is.  6d. 

The  Growth  of  Modern  Britain.    An  Outline  History  of  the  British  People 
from  1830  to  1910.    By  B.  H.  SUTTON.    as. 
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Methuen's  New  Historical  Series 

EDITED  BY  THE  REV.  H.  N.  ASMAN,  M.A.,  B.D. 

These  are  the  first  volumes  of  a  new  historical  series  for  Schools  under  the  General 
Editorship  of  the  Rev.  H.  N.  ASMAN,  M.A.,  B.D.,  Second  Master  of  Owen's  School, 
Islington.  The  series  is  on  the  lines  of  the  recent  Circular  of  the  Board  of  Education  90  the 
teaching  of  history. 

A  History  of  England  -for  Schools.  In  Three  Volumes.  Crown  8vo, 
2S.  6d.  each.  Vol.  I.,  to  1485.  By  H.  J.  CAPE,  M.A.  Vol.  II.,  1485-1714.  By  L. 
OLDERSHAW,  M.A.  Vol.  III.,  1714-1910.  By  E.  BOWYER,  B.A. 


Stories    from   Ancient    History, 

8vo,  is.  6d. 

Stories  -from  Modern  History. 

Crown  8vo,  is.  6d. 


By  E.  BOWYER,  B.A.,  B.Sc..    Crown 
By  E,  M.  WILMOT-BUXTON,  F.R.Hist.S. 


School  Examination  Series 

EDITED  BY  A.  M.  M.  STEDMAN,  M.A, 
Crown  8vo,  as.  6d. 

These  books  are  intended  for  the  use  of  teachers  and  students— to  supply  material  for 
the  former,  and  practice  for  the  latter.  The  papers  are  carefully  graduated,  cover  the 
whole  of  the  subject  usually  taught,  and  are  intended  to  form  part  of  the  ordinary  class  work. 


French     Examination      Papers. 

A.  M.  M.  STEDMAN.     Key.    6s.  net.     . 

Latin  Examination  Papers. 
A.  M.  M.  STEDMAN.  Key.  6s.  net. 

Greek  Examination  Papers. 
A.  M.  M.  STEDMAN.  Key.  6s.  net. 

German  Examination  Papers. 
R.  J.  MORICH.  Key.  6s.  net. 

History  and  Geography  Exam- 
ination Papers.  C.  H.  SPENCE. 

Physics  Examination  Papers. 
R.  E.  STEEL. 

General    Knowledge   Examina- 


tion Papers.  A.  M.  M.  STEDMAN. 
Key.  75.  net. 

Examination  Papers  in  English 
History.  J.  TAIT  WARDLAW. 

Trigonometry  Examination 
Papers.  Rev.  G.  W.  WARD,  M.A. 
Key.  53.  net. 

Exercises  and  Examination 
Papers  in  Arithmetic,  Loga- 
rithms, and  Mensuration. 
C.  PENDLEBURY,  M.A.  Key.  55.  net. 

Examination  Papers  in  Book- 
keeping. J.  T.  MEDHURST.  33. 
Key,  2s.  6d.  net. 


Stories  from  the  Histories 

EDITED  BY  E.  M.  WILMOT-BUXTON,  F.R.Hist.Soc. 
With  a  Map.    Crown  8vo,  is.  6d.  each 

This  series  will  embrace  the  history  of  all  the  chief  countries  of  the  world.  It  is  hoped 
that  by  supplying  a  series  of  interesting  stories  these  volumes  will  promote  a  desire  for  a 
more  detailed  knowledge  and  remove  the  general  complaint  that  English  children  grow  up 
ignorant  of  the  great  events  and  characters  in  the  history  of  other  nations.  The  first 
volumes  are : — 


Tales       from       Irish       History. 

A.  P.IRKHEAI>,  B.A. 

Stories  from   Scottish    History. 

E.  M.  WILMOT-BUXTON. 


Stories    from    French     History. 

TAYLOR  DYSON,  M.A. 
Stories  from  American  History. 

ALICE  BIRKHEAD. 
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Stories  from  the  Great  Writers 

EDITED  BY  E.  M.  WILMOT-BUXTON,  F.R.Hist.Soc. 
Crown  8vo,  is.  6d.  each 

In  this  series  incidents  have  been  selected  from  the  works  of  the  best  writers  and 
abridged  or  retold  to  make  them  appeal  to  children.  It  is  hoped  that  these  stories  will 
kindle  a  love  for  the  works  of  the  best  writers  and  stimulate  children  to  read,  after 
schooldays,  the  originals  and  others  by  these  authors.  The  first  volumes  are : — 

Stories    from     Dickens.      JOYCE  I  Stories    from     Chaucer.        ADA 

COBB.  I       HALES. 

Stories     from    Bunyan.      EDITH  L.  ELI  AS. 


Stories  from  Old  Romance 

EDITED  BY  E.  M.  WILMOT-BUXTON,  F.R.Hist.Soc. 
Crown  8vo.  is.  6d.  each 

These  volumes  will  serve  as  an  introduction  to  world  literature  as  well  as  form  literary 
readers  that  will  appeal  to  children  between  the  ages  of  eight  and  twelve  in  all  classes  of 
schools.  They  will  also  be  found  suitable  gift-books  for  all  young  lovers  of  stirring 
romance  and  tales  of  chivalry.  The  first  volumes  are  : — 

Stories   from    Old    French    Ro-  I   Stories   from    Old    English    Ro- 
mance.    E.  M.  WILMOT-BUXTON.  mance.    JOYCE  POLLARD. 
Stories  from  Old  Italian  Romance.    SUSAN  CUNNINGTON. 


Textbooks  of  Science 

Fully  Illustrated.     Crown  8vo 
A  series  of  textbooks  for  Secondary  Schools  and  Schools  of  Science 


A   Preliminary   Physiology.     W. 

NARKAMORE.     35.  6d. 
Plant  Life.     H.  F.  JONKS.    33.  6d. 
A  Concise  History  of  Chemistry. 

T.  P.  HlLDITCH.      2S.  6d. 

Elementary   Chemical    Theory. 

J.  M.  WADMORE.     35.  6d. 
A  Textbook  of  Inorganic  Chem- 
istry.    G.  SENTER.    6s.  6d. 

TheComplete School  Chemistry. 

F.  M.  OLDHAM.    43.  6d. 

Practical  Chemistry.  Part  I. 
W.  FRENCH,  is.  6d. 

Practical  Chemistry.  Part  II.  W. 
FRENCH  and  T.  H.  BOARDMAN.  is.  6d. 

A  Senior  Experimental  Chem- 
istry. A.  E.  DUNSTAN  and  F.  B. 
THOLE.  55. 

A  Textbook  of  Practical  Chem- 
istry for  Technical  Insti- 
tutes. A.  E.  DUNSTAN  and  F.  B. 
THOLE.  35.  6d. 

An  Introduction  to  Quantitative 
Analysis.  S.  J.  M.  AULD.  55. 

A  First  Year  Course  of  Organic 
Chemistry.  A.  E.  DUNSTAN.  as.  6d. 

ASecond  Year  Course  of  Organic 
Chemistry.  F.  B.  THOLE,  as.  6d. 


A  Third  Year  Course  of  Organic 
Chemistry.  T.  P.  HILDITCH.  6s. 

Qualitative    Organic    Analysis. 

F.  B.  THOLE,  is.  6d. 

Modern  Research  in  Organic 
Chemistry.  F.  G.  POPE.  75.  6d. 

A  First  Year  Physical  Chem- 
istry. T.  P.  HILDITCH.  23. 

Outlines  of  Physical  Chemistry. 

G.  SENTER.     New  Edition.     55. 
Physico-Chemical  Calculations. 

J.  KNOX.    as.  6d. 

Elementary  Science  for  Pupil 
Teachers.  W.  T.  CLOUGH  and  A. 
E.  DUNSTAN.  25. 

Examples     in     Physics.      C.     E. 

JACKSON,     as.  6d. 

First  Year  Physics.     C.  E.  JACK- 

SON.     is.  6d. 
Examples    in     Elementary 

Mechanics.     W.  J.  DOBBS.    55. 

Practical      Mechanics.      S.     H. 

WELLS.  35.  6d. 
A  Handbook  of  Physics.  W.  H. 

WHITE.  7s.  6d. 
Technical  Arithmetic  and 

Geometry.     C.  T.  MILLIS.    3s.  6d. 
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Textbooks  of  Technology 

Fully  Illustrated.     Crown  8vo 
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